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Introduction

Soil Nails designed by geotechnical designer, and design information provided for the design of the Wall Facing.

References

1 WSDOT Bridge Design Manual M 23-50.18, June 2018 (BDM)
2 WSDOT Design Manual M 22-01.16, February 2019 (DM)
3 FHWA NHI 14-007, Geotechnical Engineering Circular 007, Soil Nail Walls Reference Manual (2015)
4 FHWAO-IF-03-017 Geotechnical Engineering Circular No. 7, Soil Nail Walls (2003)
5 Geotechnical Design Information - Attached
6 WSDOT BDM Plans for Soil Nail Walls
7 AASHTO LRFD Bridge Design Specifications
RFP Section 2.13.4.3 Retaining Wall Design Criteria

WSDOT BDM, 8.1.2 E.

WSDOT BDM, 8.1.8
8.1.8

WSDOT BDM, 8.1.8

WSDOT BDM,Appendix 8.1

Soil nail walls in accordance with Section 6-15 of the Standard Specifications.

Fall protection shall be provided at the top of all retaining walls and retaining wall
terraces in accordance with Section 730.04(7)(b) of the WSDOT Design Manual. Fall
protection shall be of the Standard Guardrail type, as described in WAC 296-155. Chamn
link fence is acceptable for fall protection, provided it includes a top rail and middle rail
with at least 1.5 inches nominal outside diameter. Timber shall not be used as a material
type for Standard Guardrail For fall protection features that are exposed to the public,
design of railings shall be in accordance with Chapter 13 of the AASHTO LRFD Bridge
Design Specifications.

Soil Nail Walls

The basic concept of soil nailing is to reinforce and strengthen the existing ground by
installing steel bars called “nails™ into a slope or excavation as construction proceeds
from the “top down™. Soil nailing is a technique used to stabilize moving earth, such
as a landslide. or as temporary shoring. Soil anchors are used along with the strength
of the soil to provide stability. The Geotechnical Engineer designs the soil nail system
whereas the Bridge and Structures Office designs the wall fascia. Presently, the
FHWA Publication FHWA-NHI-14-007 “Geotechnical Engineering Circular No. 7
Soil Nail Walls™ is being used for structural design of the fascia. See Bridge Standard
Drawing 8.1-A4 for typical soil nail wall details.

Design of Soil Nail Walls

Soil nail walls shall be designed in accordance with the FHWA Publication FHWA -

NHI-14-007 “Geotechnical Engineering Circular No. 7 Soil Nail Walls™ February 2015.
The seismic design parameters shall be determined in accordance with the most
current edition of the AASHTO Guide Specifications for LRFD Seismic Bridge Design

(SEISMIC). Typical soil nail wall details are provided in Appendix 8.1.

1. Expansion Joints

For cast-in-place construction, a minimum of %4 inch premolded filler should be

specified in the expansion joints.

‘Wall
Types

Design Specifications

Soil Nail Walls

General

All soil nail walls and their components shall be designed using the publication
“Geotechnical Engineering Circular No. 7~ FHWA-NHI-14-007.

The Geotechnical Engineer completes the intermnal design of the soil nail wall and provides
recommendations for nail layout. The structural designer will layout the nail pattern. The
geotechnical engineer will review the nail layout to insure compliance with the Geotechnical
recommendations. The structural designer shall design the temporary shotcrete facing as
well as the permanent structural facing, including the bearing plates, and shear studs.

The upper cantilever of the facing that is located above the top row of nails shall

be designed in accordance with current editions, including current interims, of the
following documents; AASHTO LRFD Bridge Design Specifications, WSDOT GDM and
WSDOT BDM.

Seismic

AASHTO Guide Specifications for LRFD Seismic Bridge Design using the USGS 2014
Seismic Hazard Maps with Seven Percent Probability of Exceedance in 75 yrs (1000 yr
Retum Period) and the site coefficients or site-specific procedure provided in the WSDOT
Design Memorandum dated January 8, 2017 and WSDOT BDM Chapter 4.

Traffic
Barrier

Moment slab barrier shall be designed in accordance with the WSDOT BDM and the
AASHTO LRFD Bridge Design Specifications Section A13.3 for Concrete Railings
considering a minimum TL-4 impact load

Intro
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WSDOT BDM, Chapter 8, Section 8.1.9.C Fall Protection C. Fall Protection

WSDOT DM 730.04 Design Requirements

(k) Worker Fall Protection

Department of Labor and Industries regulations require that, when employees
are exposed to the possibility of falling from a location 4 feet or more above
the roadway (or other lower area), the emplover is to ensure fall restraint or
fall arrest systems are provided, installed. and implemented.

Deesign fall protection in accordance with WAC 296-155-24609 for walls that
create a potential for a fall of 4 feet or more. During construction or other
temporary or emergency condition, fall protection will follow WAC 296-155.
Any need for maintenance of the wall’s surface or the area at the top can expose
employees to a possible fall. If the area at the top will be open to the public, see

A fall restraint system is to be 42 inches high, plus or minus 3 inches, measured
from the top of the finished grade, and capable of withstanding a 200 Ib force
from any direction, at the top, with minimal deflection. An intermediate cable
or ratl shall be halfway between the top rail and the platform A toe board with
a minimmun height of 4 inches will be provided. Post spacing is no more than

8 feet on centers. (See the Consfruction Manual and WAC 296-155 for fall
arrest and protection information.) For wire rope railing. the top railing shall be

flagzed at not more than §-foot intervals with high-visibility material.

The designer is to contact maintenance persennel regarding fall protection and

Chapter 1510, Pedestrian Facilities debris removal considerations.

For maintenance of a tall wall’s surface (10 feet or more). consider hamess tie-
offs if other protective means are not provided.

For mamntenance of the area at the top of a tall wall a fall restraint system
is required when all of the following conditions will exist:

= A possible fall will be of 4 feet or more.

* Periodic maintenance will be performed on the area at the top.

* The area at the top is not open to the public.

Recommended fall restraint systems are:

= Wire rope railing with top and imtermediate rails of }%-inch-diameter
steel wire rope.

= Steel pipe railing with 1%2-inch nominal outside diameter pipe as
posts and top and intermediate rails.

= Concrete as an extension of the height of the retaining wall.

WAC 286-155-24615(2)

Contact the HQ Bridge and Structures Office for design details for any retrofit
to an existing retaining wall and for any attachments to a new retaining wall.

Information

Summary

2) Guardrail specifications.

(a) A standard guardrail system must consist of top rail, intermediate rail, and posts, and must have a vertical height of 39 to 45 inches from upper
surface of top rail to floor, platform, runway, or ramp level. When conditions warrant, the height of the top edge may exceed the 45 inch height,
provided the guardrail system meets all other criteria of this subsection. The intermediate rail must be halfway between the top rail and the floor,
platform, runway, or ramp. The ends of the rails must not overhang the terminal posts except where such overhang does not constitute a projection
hazard.

Required vert H = 39-45
inches. Design for H = 42
inches

(b) Minimum requirements for standard guardrail systems under various types of construction are specified in the following items:
(ii) For pipe railings, posts and top and intermediate railings must be at least 1 1/2 inches nominal OD diameter with posts spaced not more than 8
feet on centers. Other configurations may be used for the top rail when the configuration meets the requirements of (b)(vii) of this subsection.

Using pipe railing option.
Must have top and
intermediate rails at min 1.5
inch dia.. Vert Posts spaced
no greater than 8 ft.

(v) The anchoring of posts and framing of members for railings of all types must be of such construction that the completed structure must be capable
of withstanding a load of at least 200 pounds applied in any direction at any point on the top rail. The top rail must be between 39 and 45 inches in
height at all points when this force is applied.

Design check using 200 Ibs
and to review AASHTO
loading per RFP

(c) Toe board specifications.

(i) A standard toe board must be a minimum of 4 inches nominal in vertical height from its top edge to the level of the floor, platform, runway, or ramp.
It must be securely fastened in place with not more than one-quarter inch clearance above floor level. It may be made of any substantial material,
either solid, or with openings not over one inch in greatest dimension.

(ii) Where material is piled to such height that a standard toe board does not provide protection, paneling, or screening from floor to intermediate rail
or to top rail must be provided.

Toe boards are not
applicable as railing to be
mounted on top of walls,
which will be constructed with
top of wall 12" above grade.
Additionally chain link mesh
will be provided on full face.

Intro
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Develop loading on panels above grade - assume to behave similar to noise wall.

WSDOT BDM, Chapter 8.2 Noise Barrier Walls

8.2.2 Loads

Noise barrier walls and their components shall be designed for all applicable loads
defined in the current AASHTO LEFD Chapter 3.

Wind loads and on noise barriers shall be as specified in Chapter 3.
Seismic load shall be as follows:

The effect of earthquake loading on noise barrier walls shall be investigated using the
Extreme Event I limit states of AASHTO LRFD Table 3.4.1-1 with the load factor

Yp= 1.0.

Seismic loads shall be taken to be horizontal design force effects determined in
accordance with the AASHTO LEFD provisions of Article 4.7.4.3 3 on the basis of the
elastic response coefficient, C_ . specified in Article 3.10.4 and BDM Section 4. and the
dead load of sound barrier. The seismic design force effects for connections shall be
determined by dividing the force effects resulting from elastic analysis by the response
modification factor. R, specified in Table 8.2-1.

Table 8.2-1 Response Modification Factors, R

Connection R
Monolithic connection 1.0
Connection of precast wall to bridge barrier 0.3
Connection of precast wall to retaining wall or moment slab barrier 05
Connection of precast wall to shaft 0.8

WSDOT BDM, Appendix 8.1-A1

AL PRI 1 RN LS U LT e PG 1D UGN IO S0 DS I WIS WL | LALSIVE A BERALTT L

Non-Standard Noise
Barrier Walls

Design shall be based on current editions, including current interims, of the following

General | documents; AASHTO LRFD Bridge Design Specifications, WSDOT GDM and WSDOT
BDM.
AASHTO Guide Specifications for LRFD Seismic Bridge Design using the USGS 2014
Seismic Seismic Hazard Maps with Seven Percent Probability of Exceedance in 75 yrs (1000 yr
Retum Period) and the site coefficients or site-specific procedure provided in the WSDOT
Design Memorandum dated January 8, 2017 and WSDOT BDM Chapter 4.
Traffic | WSDOT BDM and the AASHTO LRFD Bridge Design Specifications Section A13.3 for
Barrier | Concrete Railings considering a minimum TL-4 impact load.

WSDOT BDM, 3.11 Wind Loads

3.11.3

Wind on Noise Walls

Wind on Noise Walls shall be as specifiedin LIRFD 381, 38124 and 1582

AASHTO Section 15 Design of Sound Barriers:

15.8.2—Wind Load

The provisions of Article 3.8.1 shall apply.

C15.8.2

wind provisions for sound barriers were included.

Intro

The wind load provisions included in Article 3.8.1
are applicable to all structures. including sound barriers.
This deviates from earlier specifications where special
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7

=2.56 x 10V K ,GCp

3.8.1.2.4—Wind Loads on Sound Barriers

The wind pressure on ground-mounted or structure-
mounted sound barriers shall be determined using Eq.
3.8121-1 and assuming the wind direction
perpendicular to the plane of the sound barrier.

The sound barrier panels shall be designed
assuming the wind pressure 1s applied as a uniform load
to the entire area of the panels.

The wertical support elements (if used), the
foundations, and the connection of the panel or the
vertical support elements to the foundations or the
supporting structure shall be designed for a line load
equal 1n value to the wind pressure multiplied by the
sound barrier height. The line load shall be applied at a
distance equal to 0.55 tumes the sound barrier height
measured from the bottom of the sound barrier. For
determining the location of the line load, the height of
the sound barrier shall be taken as the distance from the
top of the sound barrier to

* The ground surface immediately adjacent to the
sound barrier for ground-mounted sound barriers.

+  The elevation of the sound barrier connection to the
supporting structure for structure-mounted sound
barriers.

Where the sound barrier is mounted on top of a
traffic railing or a retaining wall extending above
ground. the magnitude and location of the wind loads
transmitted to the base of the supporting traffic railing
or retaining wall shall be determined as specified above,
assuming that the height of the exposed area 15 the sum
of the height of the sound barrier plus the height of the
supporting railing or retaining wall.

The height of the supporting railing or retaining
wall to be considered in determining the magnitude and
location of the wind load shall be that measured from
the top surface of the ground, bridge deck. or roadway
pavement to the top of the supporting railing or
retaining wall.

3.8.1.2—Wind Load on Structures: WS
3.8.1.2.1—General
The wind pressure shall be determined as:

(3.8.1.2.1-1)

where:

Pz
v

= design wind pressure (ksf)

= design 3-second gust wind speed specified in
Table 3.8.1.1.2-1 {mph)

= pressure exposure and elevation coefficient to
be taken equal to Kz (B). Kz (C). or Kz (D)
determined using Eqs. 3.8.1.2.1-2. 3.8.1.2.1-3,
or 3.8.1.2.1-4, respectively. for Strength III
and Service IV load combinations and to be
taken as 1.0 for other load combinations

= gust effect factor determined using a structure-
specific study or as specified in Table
3.8.1.2.1-1 for Strength IIT and Service IV
load combinations and 1.0 for other load
combinations

= drag coefficient determined using a structure-
specific stmdy or as specified in Table
3.8.1.2.1-2

C38124

The wind pressure is applied as a constant pressure

over the entire area of the sound barrier. In reality. the
wind speed and, consequently, the wind pressure,
increase with the increase in height above the
surrounding ground surface Applying the wind load asa
line load at a location above mid-height of the sound
barrier better reflects the effect of the uneven pressure
distribution.

Where the ground surface elevation is not the same

in the front and in the back of a ground-mounted sound
barrier, the wind forces will need to be determuned for
each direction as a separate case of loading. The design
of all components must satisfy the demand from both
cases.

C3.8.1.2.1

The basis for the development of wind load

provisions exists in Wassef and Raggett (2014).

For structure heights less than 33.0 ft, the proximity

to the ground surface causes turbulence for which the
effect on wind pressure cannot be accurately determined.
Therefore. no reduction in the value of Kz is shown in
Table C3.8.1.2.1-1 for structure heights less than 33.0 ft.

Strength V and Service I load combinations are

based on constant wind speeds that are not functions of
the bridge type. bridge height. or the wind exposure
category at the location of the bridge. Therefore. the
pressure exposure and elevation coefficient. Kz. is taken
as 1.0 for these load combinations.

Intro
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When the wind speed. Kz. and G specified for
Strength V and Service I load combinations are
substituted in Eq. 3.8.1.2.1-1, the resulting wind pressure
on bridge structures. Pz. becomes a multiple of the drag

coefficient. Cp. for the structure being considered. The
wind pressure in these cases may be calculated using
Table C3.8.1.2.1-2.

Table €3.8.1.2.1-2—Wind Pressure on the Bridge
Structures for Strength V and Service I Load
Combinations

Wind Pressure on the Structure.
Pz . for the Specified Wind
Load Speed
Combination (ksf)
Strength V 0.0163 Cp
Service I 0.0125 Cp

Table 3.8.1.2.1-1—Gust Effect Factor, G

Gust Effect
Structure Type Factor, G
Sound Barriers 0.85
All other structures 1.00

Table C3.8.1.2.1-1—Pressure Exposure and Elevation
Coefficients, Kz

Wind
Structure Wind Wind Exposure
Height, Z Exposure Exposure Category
(ft) Category B | Category C D
<33 0.71 1.00 1.15
40 0.75 1.05 1.20
50 0.81 1.10 1.25
60 0.85 1.14 1.29
70 0.89 1.18 1.32
80 0.92 1.21 1.35
90 0.95 1.24 1.38
100 0.98 1.27 1.41
120 1.03 1.32 1.45
140 1.07 1.36 1.49
160 1.11 1.40 1.52
180 1.15 1.43 1.55
200 1.18 1.46 1.58
250 1.24 1.52 1.63
300 1.30 1.57 1.68

4, Mo

Table 3.8.1.2.1-2—Drag Coefficient, Cp

Drag Coefficient. Cp
Component Windward Leeward
I-Girder and Box-Girder Bridge Superstructures 1.3 N/A
Trusses, Columns. and | Sharp-Edged Member 2.0 1.0
Arches | Round Member 1.0 0.5
Bridge Substructure 1.6 N/A
Sound Barriers 1.2 N/A

Table 3.8.1.1.2-1—Design 3-Second Gust Wind Speed

for Different Load Combinations, F

Load

Combination

3-Second Gust Wind
Speed (mph), ¥

Wind speed taken from

Strength I | Foure 3.8.1.1.2-1
Strength V 20

Service I 70
Service IV 0.75 of the speed used for

the Strength ITT linmt state

)

110(49) | |
|
—J

115(51)

econd gust wind

rs is permitted

ond 1o approximately
1, MRI = TO0 Years),

Intro

Figure 3.8.1.1.2-1—Design Wind Speed, 7, in mph (m/s)

it 33 fi
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3.8.1.1 §—Ground Surface Roughness
Caregories

A ground surface roughness within each of the 45
degree sectors defined in Article 3.8.1.1.3 shall be

determined as follows:

*  Ground Swiface Roughness B: Urban and subuwrban
areas, wooded areas, or other terrain with numerous
closely spaced obstuctions having the size of
single-family dwellmg= or larger;

*  Ground Surface Roughness C: Open terrain with
seattered obstructions having heights generally less
than 330 f# mecluding flat open couwnbtry and
grasslands; and

*  Ground Surface Roughness I Flat, uncobstructed
areas and water swrfaces; this category mmchides
smooth mud flats, salt flats, and unbroken ice.

For this wall location, by highway on hill - assume:

Ground Surface Roughness C

Wind Exposed Category C

3.8.1.1 5—Wind Exposure Categories

The exposwre category of the structure shall be

determined as followrs:

Wmd Exposure Category B: Wind Exposwe
Category B shall apply where the Ground Swface
Foughness Category B, as defined in Arncle
18114, prevails in the upwind direction for a
distance greater than 1,500 £ for stuchures with a
mean height of less than or equal to 33 ft, and fora
distance greater than 2 604 ft or 20 imes the height
of the stueture, whichewver is greater, for stuctures
with a mean height greater than 33 fi.

Wind Exposwe Category C: Wind Exposuwre
Category C shall apply for all cases where Wind
Exposure Categonies B or D do not apply.

Wind Expesure Category D: Wind Exposure
Category D shall apply where the Ground Swface
Foughness Category D). as defined m Arhcle
38114, prevails in the upwmd direction for a
distance greater than 5 000 ft or 20 imes the herght
of the stucture, whichever is greater. Wind
Exposure Category D shall also apply where the
structure 15 within a distance of 600 ft or 20 times
the height of the structure, whichever is greater,
from a Ground Surface Foughness Category D
condition, even if Ground Swface Foughness
Category B or C exist immediately upwind of the
structure.

Develop Strength Il Wind Load - per AASHTO LRFD section above (use alone as loading):

P, = 2.56x10°*V**Kz*G*Cp

V= 110 mph (figure 3.8.1.1.2-1)

Kz = 1 (table C3.8.1.2.1-1, Z </= 33 ft - design for top of panel backfill side to first nail)
G= 0385 (table 3.8.1.2.1-1)

Cp= 12 (table 3.8.1.2.1-2)

P;= 0.0316 ksf

Develop Strength V Wind Load - per AASHTO LRFD section above (use in combination with railing loading):

P, = 2.56x10°*V**Kz*G*Cp

V= 80 mph (table 3.8.1.1.2-1)

Kz = 1 (for Strength V)
G= 1 (for Strength V)

Cp= 12 (table 3.8.1.2.1-2)

Pz = 0.0197 ksf

Develop Service | Wind Load - per AASHTO LRFD section above (use alone as loading):

P, = 0.0125*Cy (table C3.8.1.2.1

_2)

Cp= 12 (table 3.8.1.2.1-2)

P,= 0.015 ksf

Intro
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AASHTO Section 4 Structural Analysis and Evaluation (see separate calculations for development of seismic forces)

4.7.4.3.3—Multimode Spectral Method C4.7.4.3.3

The multimode spectral analysis method shall be
used for bridges in which coupling occurs in more than
one of the three coordinate directions within each mode
of wibration. As a minimum. linear dynamic analysis
using a three-dimensional model shall be used to
represent the structure.

The number of modes included in the analysis
should be at least three times the number of spans 1n the
model. The design seismic response spectrum as
specified in Article 3.10.4 shall be used for each mode.

The member forces and displacements may be
estimated by combining the respective response
quantities (moment, force, displacement, or relative
displacement) from the individual modes by the
Complete Quadratic Combination (CQC) method.

Member forces and displacements obtained using
the CQC combination method are generally adequate for
most bridge systems (Wilson et al., 1981).

If the CQC method is not readily available.
alternative methods include the square root of
the sum of the squares method (SRSS)., but this
method is best suited for combining responses from
well-separated modes. For closely spaced modes
the absolute sum of the modal responses should be used.

AASHTO Section 3 Loads and Load Factors

3.10.4.2—Flastic Seismic Response Coefficient

For periods less than or equal to Tp, the elastic seismic
coefficient for the mth move of vibration, C:m. shall be
taken as:

C3.104.2

An earthquake may excite several modes of vibration
in a bridge and. therefore. the elastic response coefficient
should be found for each relevant mode.

The discussion of the single-mode method in the

Com = As+ (Sps— As) (Tw/ To) (3.104.2-1) commentary to Article 4.7 4.3 2 illustrates the relationship
between period, Coy, and quasi-static seismic forces. p(x).
in which: The structure is analyzed for these seisnuc forces in the
single-mode method. In the multimode method, the
As = Fpga PGA (3.104.2-2) structure 1s analyzed for several sets of seismic forces,
each corresponding to the period and mode shape of one of
Sps=FaSs (3.10.4.2-3) the modes of vibration. and the results are combined using
acceptable methods, such as the Complete Quadratic
where: Combination method as required in Article 4.74.3.3. Cop
applies to weight. not mass.
PGA = peak ground acceleration coefficient on rock PP £
(Site Class B)
Ss = Thorizomtal response spectral acceleration Table 4: § t 2A Seismic Desian P "
coefficient at 0.2-sec period on rock (Site aple 4: segmen eismic Uesign Farameters
Class B) Return Period
Tm = peried of vibration of mth mode (s) Parameter
T = reference period used to define spectral 1,000-year (SEE)
shape = 0.2 Ts (s) "
Ts = comer period at which spectrum changes Site class . c
from being independent of period to being Peak ground acceleration (PGA) 0.431g
inversely proportional to period = Sp1/Sps () Fran 1.200
F od " 1t 7 and less tha Site-adjusted peak ground acceleration (As) 0.517g
o1 periods greater than or equal to Tp and less than or N -
equal to 7. the clastic seismic response coefficient shall be Short-period {0.2-second) spectral acceleration (Ss) 0.98g
taken as: Site coefficient (Fa) 1.200
Short-period design response acceleration (Sps) = Sz x Fa 1.176g
Cam = Sps (3.104.2-4) 1-second period spectral acceleration (S1) 0.283g
For periods greater than Ts the elastic seisnuc Site coefficient (Fv) 1.500
response coefficient shall be taken as: 1-second design response acceleration Sp: = S x Fv 0.4259
Mean earthquake magnitude (Mw) 7.0
Com=Sp1/ T (3.10.4.2-5)
in which:
Sp1=F, 51 (3.10.4.2-6)
where:
51 = horizontal response spectral  acceleration

coefficient at 1.0 sec period on rock (Site Class B)

Intro
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Facing Design - Section A-A Station 1+00 (start) to 2+20
Beginning of Wall (South End) L=15"

DTL = 1,700 plf for Top Row; 2,500 plf for Remaining Rows

Nail Head Force: 18 kips static; 36 kips seismic

Will use BDM Standard Sheet for dimensions and confirm with analysis along with spacing and nail information provided by Geotech:

Per FHWA - need min 2"
CLR for studs for
corrosion protection -
all walls will have
additional ~1-1.5" of
formliner - therefore

- will keep 1.5" clr for
calculations.

EEHR,

S I
| |
h
I
+ TH}]
i |
i
i
! 1
fanal
1
[E=E]

MIN. 68 HOLES (TTF)

VIEW 6
I

TYFICAL SECTION FASCIA WA

INFORECEMENT

™
[EFOXY COATED S0IL NAILS |

~ Note that Ls and hs nmst be selected such that the cover of final shotcrete or concrete over the

stud is at least 2 in. according to Section 7.6.7 “Nail-Head Corrosion Protection.™ Available

sizes of headed studs can be found in Appendix A and in references provided by
mamifacturers
— x5 - 1 2" CLR. (TYF.)
#5 - N 18" FREMOLDED JOIN
o i f o
A RETE
= N I \ P
[ & §
"8 x
J STUDPS (
. - U I L] L ]
ANCHOR FLATE DPETAILS
AASHTO A 36

2" CHAMFER (TYF.)

From FHWA NHI 14-007/GEC No. 7:

D. Facing Design i—.l-l:
1) Nail head load * EXPANSION JOINT

2) Wall facing type and thickness
3) Facing materials

4)  Flexural resistance

5) Facing punclung shear resistance
6) Facing head stud resistance

The safety factors correspond to the potential failure modes of the nail-facing
connection mcluding the flexural and punching shear failures. Because a two-phase
facing construction is used in this project. flexural and shear-punching failure modes
must be evaluated separately for the temporary and the permanent facing
Additionally. for the final facing. a tensile failure of the headed studs is considered.

SEC A-A
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Facing Design - Section A-A Station 1+00 (start) to 2+20
Provided:
Nail Size =| #8 Nail Head Force: 18 kips static; 36 kips seismic
Grade =| 75.00 |ksi
Sy =| 6.00 [ft Loads provided are from Geotech and have been
Sy = 5.00 |ft converted to To (design nail tensile force).

Step 1 - Calculate the Design Nail Head Tensile Force - Provided by Geotechs (did not need to compute)
Permanent Static:

To = kips

Yev = 1.35 (AASHTO LRFD, Table 3.4.1-2, EV for retaining walls, per FHWA)

Seismic:

To = kips

Y= 1.00 (AASHTO LRFD, Table 3.4.1-1, Extreme Event I)

Step 2 - Select Wall Facing Thickness:

shotcrete thickness (h) = 6.00 in (initial)
CIP Fascia thickness (h)= 9.00 in (final)

Step 3 - Select Soil Wall Materials:
Bar Nail fy = 75.00 ksi (provided by Geotech)

Initial Facing - Shotcrete
WWEF fy =| 60.0 |ksi
fc=|_4.0 |ksi Specifications 6-18.3(2), shotcrete f'c=4000 psi
WWEF = 4x4 - W4.0 x W4.0
A, aym =| 0.12 [in® /ft
Bars at Nails = 4 (2 vert, 2 horz)
BarAs= 0.20 in
No bars vert = 2
Aw= 040 in®
No bars horz = 2
Aun= 040 in

SEC A-A
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Facing Design - Section A-A Station 1+00 (start) to 2+20
Perm Facing - CIP Fascia
i TAEBLE A6
Rebar fy =| 60.0 |ksi HEADED-STUD DIMENSIONS
CIP bars = 5 Nominal Length | Head Diameter | ShaftDiameter | Head Thickness | . . . Head Thickness/
BarAs=_0.31 ?nz Ibar || Headet L, Da B, tn Shatt Area/ (Bead Diamtr-
spacing =| 12.0 [in | mm | - mm | i mm | i mm in. -
fe= 4.0 ksi 4x 3 s ‘ a0 ‘ 155 ‘ E S ‘ 13 | 121 ‘ a.750 ‘ 2.5 0.38 28 .75
Bearing Plate/Anchors
Lge=| 9.0 [in
Wge=[ 9.0 [in
tp=| 1.0 [in
fy=| 36.00 |ksi Grade ASTM A36 Dgy —= | tan
no. of studs Ny = 4 (per BDM example) t
headed stud dia Dgc =| 0.75 |[in -
stud shaftareaAs = 0.44 in? I
h i =| 1. i
ead size Dgy 1.30 |in Le
clr=| _1.50 |in D;c
shaftL=_6.13 in - *
head tgy =| 0.375 |in (per BDM example)
Ls =shaftL +tgy= 6.50 in (max for CIP thickness) v
Ssh, Spa=| 6.00 |in
fy =| 60.00 |ksi A307, Grade A

Step 4 - Flexural Resistance:

CDR:mZ 1.0

"
! o

The facing resistance is verified in LRFD for each of the facings as follows:

Equation 6.18: Capacity-to-demand ratio for bending in facing.

Where:

drr =  resistance factor for bending/flexure in the facing
Rer = nominal resistance for bending/flexure of facing
Y = load factor selected for verifications

T, =

If the resistance is insufficient, increase the thickness of facing. amount of steel. and/or
strength of steel and/or of concrete.

5.8.3c¢ Resistance Factors for Flexure at Facing

Resistance factors for flexure resistance at the facing are back-calibrated for a load factor of
yev =1.35 for static conditions and yev = 1.00 for seismic loading to match ASD-based

designs. These values are presented in Table 5.9.

Table 5.9: Resistance Factors for Flexure Resistance at Facing

Condition Case Symbol Resistance
- Factor
Static Initial and final facing tbre 0.90
Seismic loading Initial and final facing bre 0.90

SEC A-A

maximum tensile force at soil nail head. as estimated with Eq. 5.1 (Section 5.2.1)
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wood.

Station 1+00 (start) to 2+20

Facing Design - Section A-A

R [kip] =3.8 = Cpxfy [ksi] I = 228 x Cpx I

Equation 6.15:

Ann =

aym =

Avw =

Ay =

Su =
Sy =

shoterete.

Table 6.4: Nomenclature for Cross-Sectional Area per Unit Width
of Facing Reinforcement

Cross-Sectional Area of

Location Reinforcement per Unit Width

Direction

Vertical Nail Head

Ay

Vertical Mid-Span @

dvm

Horizontal Nail Head A

Horizontal Mid-Span @ am

Motes: (1) Both WWM and the rebar contmbute.
(@) Only WWM contributes.

reinforcement cross-sectional area per unit width in the vertical direction at the
nail head. If the yield strengths of the WWDNM and the rebar are different in the
initial facing. this is an equivalent value.

reinforcement cross-sectional area per unit width in the vertical direction at
midspan

equivalent reinforcement cross-sectional area per unit width in the horizontal
direction at the nail head

reinforcement cross-sectional area per unit width in the horizontal direction at
midspan

equivalent cross-sectional area at the head in the vertical direction to consider

different yield strengths for the WWM and rebar. A'ww = (f_r/fr_w) = Avw, where

fy g = rebar yield strengths and f; o = WWM yield strength

equivalent cross-sectional area at the head in the horizontal direction.
A'myv = (f_2/f_w) = Amx

nail horizontal spacing

nail vertical spacing

F 3
w
I
L

A

4}

/ Vertical Rebar

e f Waler Bars

0.6S,—*

wn
4
Minimum

“+—length

Section A-A
Vertical Cross Sectional Area (per unit lendgth)

SEC A-A

Rebar Mesh/!

Nominal bending resistance for Grade 60 steel WWNM/rebar and 4.000 psi

Where:

(ﬂ o Pl )[in".-"ft ]x

- . 5 h[fi]
[a o 5 A )[in'.-'ﬂ]x[ L ]

SII

smallerof

Equation 6.16: Definition of F.

Table 6.5: Factor Cg

Facing Thickness,

Facing b; or by (in.)

Initial 4 2.0

Initial 6 1.5

Initial 8 1

Final All 1.

ar

—

» A

d; Vertical Rebar

e

Waler Bars

Hori c Sectional A it length)
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Facing Design - Section A-A Station 1+00 (start) to 2+20
Initial Facing (Shotcrete
anm= 012 in? aym= 012 in’
ayn = aym + Aun/Sh Ann = @nm *+ Ann/Sy
Aw= 040 in® A= 040 in?
Sy= 6.0 ft Sy= 50 ft
a,= 0.19 in®/t a,= 020 in/t
F = (aw * aym) * Su/Sy*h F = (ann + @nm) * Sv/Sy™h
h= 050 ft h= 050 ft
F = smaller of: F= 10.18 F= 013
Rer = 3.8*Ce*y*F
Cr = (Table 6.5, for initial, thickness = 6.00 inches)
Rer= 45.60 kips
CDR = & *Re/y*To
drr=  0.90 (Table 5.9)
Static: Yev = 1.35
To= 18.00 kips
Flexural Resistance CDR= 1.69 >= 1.00 OK
Seismic y= 1.00
To= 36.00 kips
Flexural Resistance CDR= 1.14 >= 1.00 OK

Check reinforcement ratios:

a
Pror (%) = 2L

=100
12[5‘|
L2 )
(horizontal) pror= 0.89 %
(vertical) pror = 0.85 %
JE [psi
b l] = 024 V1P,
£, [ksi]
Pmin = 025 %

(horizontal) < 0.89 OK
(vertical) < 0.85 OK

Calculate the reinforcement ratio. pj, as:

a
p;=—0— 100
' 0.5h

Equation 6.6: Reinforcement ratio.

‘Where. a; = ratio of cross-sectional area of reinforcement per unit width (in *i”
direction and *j” location) and h = thickness of the facing being designed. whether
initial or final. The direction “i” can be “v” (for vertical) or ~“*h™ (for horizontal): the

location *i” can be “n” (nail head) or *“m” (mid-span between nails).

o [%6] = 0,05 LP<1] [ 90 J

" £ [ksi] | 90+ 1 [ksi]

L

Pmax=  2.00 %
> 0.89 OK
> 0.85 OK

The additional horizontal and vertical rebar in the initial facing nmst be placed near the nail
heads, usually within a distance by from the walls of the drill hole. Horizontal bars should
have a length of at least 0.60Sy; however. it is not uncommeon to place waler bars with a
length equal to Sy (Figure 6.5). Vertical rebar should be at least 0.605y long. Laps between
adjacent bars mmst be in the mid-span between nails. The wire spacing in WWDM typically
used in soil nail walls must meet the requirements for maxinmim spacing of reinforcement per
Section 10.6 “Distribution of Flexural Reinforcement”™ of ACT (2011).

SEC A-A
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wood.

Facing Design - Section A-A

Final Facing (CIP Fascia

am=an= 031 in°
Sy= 6.0 ft
F= (avn + avm) * SH/SV*h
h= 075 ft
F = smaller of: F= 0.56

Rer = 3.8°C*fy*F
Ce= 1
Rer= 88.35 kips

CDR = ¢ge*Ree/v*To

b= 0.90
Static: vev = 1.35

To= 18.00 kips
Flexural Resistance CDR= 3.27
Seismic: vy= 1.00

To= 36.00 kips
Flexural Resistance CDR= 1.64

Check reinforcement ratios:

(horizontal) pror= 115 %
(vertical) pror= 115 %

' JE [psi]

%] = 024 X
Pean [%2] £, lesi]

Prmin = 025 %
(horizontal) < 115 OK
(vertical) < 115 OK

Station 1+00 (start) to 2+20

A =am= 031 in’
Sy= 50 ft
F = (@n * @m) * Sv/Sy*h
h= 075 ft
F= 0.39

(Table 6.5, for final)

(Table 5.9)
1.00 OK
1.00 OK

Calculate the reinforcement ratio, py, as:

a
Py =—2— 100
" 05h

Equation 6.6: Reinforcement ratio.

Where. a; = ratio of cross-sectional area of reinforcement per unit width (in =i
direction and “j™ location) and h = thickness of the facing being desigmed, whether
initial or final. The divection “1” can be “v" (for vertical) or ~*h” (for horizontal): the

location “i” can be “n” (nail head) or “m” (mid-span berween nails).

. [O'E.]:OOSf;[pSi][ 90 J

£ [ksi] | 90+, [ksi]

\

Pmax = 2.00 %
> 115 OK
> 115 OK

SEC A-A
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Facing Design - Section A-A Station 1+00 (start) to 2+20

Step 5 - Facing Punching Shear Resistance:

The nominal facing punching shear resistance, Ryp. for either situation must meet the

. . 584 Punching Shear Strength Limit State
following condition:

Resistance factors for punching at the facing are back-calibrated for a load factor of

CDR = ¢rp R s 1.0 vev = 1.35 for static conditions and ygy = 1.00 for seismic loading to match ASD-based
¥ T‘\ - designs. These values are presented in Table 5.10.
Equation 6.19: Capacity-to-demand ratio for punching shear resistance. Table 5.10: Resistance Factors for Punching Shear at Facing
Condition Case Symbol RESIS‘I:[I]IL‘E
Where: Factor
X N R X X Static Initial and final facing fi: 0.90
drp =  resistance factor for punching shear in the facing :
Seismic loading | Imitial and final facing drp 0.90
¥ = load factor selected for verification

To

maximum tensile foree at soil nail head. as defined previously
Rrp 1s estimated as:

R =Cp V)

Equation 6.20: Nominal punching shear resistance at facing.

Where:

Cp = dllllell}lollless factor that accounts for the contribution of the soil support under ¢, .0 pe 2 high as 1 15 if the soil reaction is considered The contribution from the sofl
the nail head to the shear resistance support behind the wall is conservatively assumed to be negligible: therefore, Cp=1.0. T1

VF = concrete punching shear basic resistance acting through the facing section

SEC A-A
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Facing Design - Section A-A Station 1+00 (start) to 2+20

V, [kip]=0.58 /1. [psi] @ D', [ft]h,[ft]

Composite
Equation 6.21: Nominal punching shear resistance through facing. Conical Surface \

Initial Facing (Shotcrete D'c = Lgp + h; 7N,
Lgp= 9.00 in // 7 45°
! T
hc=h;= 6.00 in ,* k /.,f‘( VP).‘ ’
Dc= 15.00 in hil e
Ve= 7199  Kkips 'g,) 1 [ I

Cp= 1.00 (assume negligible)
Rep = Cp*VE= 71.99 kips

v

Idealized Soil Pressure

TO
Doy

(b) Headed Stud Connection

CDR = ¢gp*Rep/y*To

b= 0.90 (Table 5.10)
Static: Vev = 1.35

To= 18.00 kips
Punching Shear CDR= 2.67 >= 1.00 OK
Seismic: vy= 1.00

To= 36.00 kips
Punching Shear CDR= 1.33 >= 1.00 OK
Final Facing (CIP Fascia D'c = smaller Sgy+h, or 2*h,

hc=Lg+1tp-tsy

Ls= 6.50 in
tb= 1.0 in
tsy= 0.375 in
hc= 7.125 in

Sgy= 6.00 in

Sgythe = 13.125 in

2*h,= 14.25 in

D'c (min) = 13.125 in
Ve = 74.80 kips

Cp= 1.00 (assume negligible)
Rep = Cp*Vg = 74.80 kips

CDR = ¢gp*Rep/y*To

b= 0.90 (Table 5.9)
Static: Vev = 1.35

To= 18.00 kips
Punching Shear CDR= 2.77 >= 1.00 OK
Seismic: y= 1.00

To= 36.00 kips
Punching Shear CDR= 1.39 >= 1.00 OK

SEC A-A
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Facing Design - Section A-A
Step 6 - Facing Head Stud Resistance:

CDR = % Reu s 1 g
1T,

Equation 6.27: Capacity-to-demand ratio for a headed stud.

Where:
bry resistance factor for headed stud tensile resistance
Ry = nominal tensile resistance of headed studs in final facings
¥ = load factor selected for verification
T, = as defined earlier
Ry =Ny Agf

Equation 6.26: Headed stud resistance at facing.

Station 1+00 (start) to 2+20

585

Headed Stud in Tension in Final Facing

Resistance factors for headed stud in tension punching in the final facing are back-calibrated
for a load factor of ygy = 1.35 for static conditions and ygy = 1.00 for seismic loading to
match ASD-based designs. These values are presented in Table 5.11.

Table 5.11: Resistance Factors for Headed Stud in Tension in Final Facings

Condition Case Symbol R.ers;‘;tr:]]:‘te
Static A307 Steel Bolt ™ e 0.70
Static A325 Steel Bolt drm 0.80

Seismic loading A307 Steel Bolt @ drm 0.65
Seismic loading A325 Steel Bolt v 0.75

Note: (1) This is equivalent to AWS D11 Type B stds, with £, = 60 ksi

Where:
Ng = number of headed studs in the connection (usually 4)
Ag = cross-sectional area of the headed stud shaft
fyns = tensile yield strength of headed stud
Ny= 4
As= 044 in®
fy= 60.00 ksi
Rpy = 105.98 kips
CDR = ¢gp*Rep/v*To
b= 0.70 (Table 5.11)
Static: Vev = 1.35
To= 18.00 kips
Stud Resistance CDR= 3.05 >= 1.00 OK
Seismic: y= 1.00
To= 36.00 kips
Stud Resistance CDR= 1.53 >= 1.00 OK
Summary
Shotcrete Layer:
thickness = 6.00 in
main reinf = 4x4 - W4.0 x W4.0 HorzbarL =0.6Sh= 3.60 ft
bar size at nails = 4 (2 vert and 2 horz) VertbarL=0.6Sv= 3.00 ft
CIP Fascia
thickness = 9.00 in
bar size 5 spaced at 12.0 in
Bearing Plate
square - size = 9.0 X 9.0 X 1.0 in thick
4 anchors spaced at= 6.00 in
anchorL= 6.50 in
anchorD= 0.75 in

DOES NOT GOVERN

SEC A-A
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Facing Design - Section B-B
Middle Portion of Wall

Station 2+20 to 5+20
L=25

DTL = 1,700 plf for Top 3 Rows; 2,500 plf for Remaining Rows

Nail Head Force: 33 kips static; 32 kips seismic

Will use BDM Standard Sheet for dimensions and confirm with analysis along with spacing and nail information provided by Geotech:

Per FHWA - need min 2"

CLR for studs for

corrosion protection -

all walls will have

additional ~1-1.5" of

formliner - therefore

will keep 1.5" clr for

calculations.

EEHR,

MIN. 68 HOLES (TTF)

oA

FASCIA L

VIEW 6

WAL

INFORECEMENT

[ErPoxy coATl

> S0IL_NAILS |

3% !
I =
= el
— #6 - 14 =
#8 - f—; 6
#i0 -
UV I -
L7 i
%" x

STUDS |

P

ANCHOR FPLATE DPETAILS

AASHTO A 36

From FHWA NHI 14-007/GEC No. 7:

D. Facing Design

1) Nail head load

2) Wall facing type and thickness
3) Facing materials

4)  Flexural resistance

5) Facing punclung shear resistance
6) Facing head stud resistance

Note that Ls and hs nmst be selected such that the cover of final shotcrete or concrete over the
stud is at least 2 in. according to Section 7.6.7 “Nail-Head Corrosion Protection.™ Available
sizes of headed studs can be found in Appendix A and in references provided by
mamifacturers

[

—

I
| %" CHAMFER (TYF.)
1

* EXPANSION JOINT

The safety factors correspond to the potential failure modes of the nail-facing
connection mcluding the flexural and punching shear failures. Because a two-phase
facing construction is used in this project. flexural and shear-punching failure modes
must be evaluated separately for the temporary and the permanent facing
Additionally. for the final facing. a tensile failure of the headed studs is considered.

SEC B-B
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wood.

Facing Design - Section B-B

Provided:

Nail Size =| #10
Grade =| 75.00 |ksi
Sy =| 5.00 |ft

Sy=| 5.00 |ft

Station 2+20 to 5+20

Nail Head Force: 33 kips static; 32 kips seismic

Loads provided are from Geotech and have been
converted to To (design nail tensile force).

Step 1 - Calculate the Design Nail Head Tensile Force - Provided by Geotechs (did not need to compute)

Permanent Static:

To = kips

Vev = 1.35

To =kips

Feq = 0 kips
To= 32.00 kips
Y= 1.00

Seismic:

Step 2 - Select Wall Facing Thickness:

shotcrete thickness (h) = 6.00 in
CIP Fascia thickness (h)= 9.00 in

Step 3 - Select Soil Wall Materials:
Bar Nail fy = 75.00 ksi

Initial Facing - Shotcrete
WWEF fy =| 60.0 |ksi
fc=|_4.0 |ksi

(AASHTO LRFD, Table 3.4.1-2, EV for retaining walls, per FHWA)

(provided by Geotech)
(added for max height of panel above grade)

(AASHTO LRFD, Table 3.4.1-1, Extreme Event I)

(initial)
(final)

(provided by Geotech)

Specifications 6-18.3(2), shotcrete f'c=4000 psi

WWEF = 4x4 - W4.0 x W4.0

A, aum =| 0.12 |in? /it
Bars at Nails = 4
BarAs= 0.20 in?

No bars vert = 2
A= 040 in’

No bars horz = 2
A= 040 in

(2 vert, 2 horz)

SEC B-B
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Facing Design - Section B-B Station 2+20 to 5+20
Perm Facing - CIP Fascia
X TABLE A6
Rebarfy=| 60.0 |ksi HEADED-STUD DIMENSIONS
CIP bars = 5 Nominal Length | Head Diameter | ShaftDiameter | Head Thickness | . . . Head Thickness/
BarAs=_0.31 ?nz Ibar || Headet L, Da B, tn Shatt Area/ (Bead Diamtr-
spacing =| 12.0 [in | mm | - mm | i mm | i mm in. -
fe= 4.0 ksi 4x 3 s ‘ a0 ‘ 155 ‘ E S ‘ 13 | 121 ‘ a.750 ‘ 2.5 0.38 28 .75
Bearing Plate/Anchors
Lge=| 9.0 [in
Wge=| 9.0 [in
tp=| 1.0 [in
fy=| 36.00 |ksi Grade ASTM A36 Dgy —= | tan
no. of studs Ny = 4 (per BDM example) t
headed stud dia Dgc =| 0.75 |[in -
stud shaftareaAs = 0.44 in? I
h i =| 1. i
ead size Dgy 1.30 |in Le
clr=| _1.50 |in D;c
shaftL=_6.13 in - *
head tgy =| 0.375 |in (per BDM example)
Ls =shaftL +tgy= 6.50 in (max for CIP thickness) v
Ssh, Spa=| 6.00 |in
fy =| 60.00 |ksi A307, Grade A

Step 4 - Flexural Resistance:

CDR:mZ 1.0

"
! o

The facing resistance is verified in LRFD for each of the facings as follows:

Equation 6.18: Capacity-to-demand ratio for bending in facing.

Where:

drr =  resistance factor for bending/flexure in the facing
Rer = nominal resistance for bending/flexure of facing
Y = load factor selected for verifications

T, =

If the resistance is insufficient, increase the thickness of facing. amount of steel. and/or
strength of steel and/or of concrete.

5.8.3c¢ Resistance Factors for Flexure at Facing

Resistance factors for flexure resistance at the facing are back-calibrated for a load factor of
yev =1.35 for static conditions and yev = 1.00 for seismic loading to match ASD-based

designs. These values are presented in Table 5.9.

Table 5.9: Resistance Factors for Flexure Resistance at Facing

Condition Case Symbol Resistance
- Factor
Static Initial and final facing tbre 0.90
Seismic loading Initial and final facing bre 0.90

SEC B-B

maximum tensile force at soil nail head. as estimated with Eq. 5.1 (Section 5.2.1)
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wood.

Facing Design - Section B-B

Station 2+20 to 5+20

R [kip] =3.8 = Cpxfy [ksi] I = 228 x Cpx I

Equation 6.15:

Ann =

aym =

Avw =

Ay =

Su =
Sy =

shoterete.

Table 6.4: Nomenclature for Cross-Sectional Area per Unit Width
of Facing Reinforcement

Direction Location Cross-Sectional Area of
! Reinforcement per Unit Width Equation 6.16: Definition of F.
Vertical Nail Head ™ A
Vertical Mid-Span @ am
Table 6.5: Factor Cg
Horizontal Nail Head @ Atm Facing Thickness
Facing . ’ Cr
. _ @ h; or hy (in.)
Horizontal Mid-Span Ahm
Initial 4 2.0
Notes: (1) Both WWM and the rebar contnbute. Initial 6 1.5
(@) Only WWM contributes.
Initial 8 1.0
Final All 1.0
reinforcement cross-sectional area per unit width in the vertical direction at the
nail head. If the yield strengths of the WWDNM and the rebar are different in the
initial facing. this is an equivalent value.
reinforcement cross-sectional area per unit width in the vertical direction at
midspan
equivalent reinforcement cross-sectional area per unit width in the horizontal
direction at the nail head
reinforcement cross-sectional area per unit width in the horizontal direction at
midspan
equivalent cross-sectional area at the head in the vertical direction to consider
different yield strengths for the WWM and rebar. A'ww = (f_r/fr_w) = Avw, where
fy g = rebar yield strengths and f; o = WWM yield strength
equivalent cross-sectional area at the head in the horizontal direction.
A'myv = (f_2/f_w) = Amx
nail horizontal spacing
nail vertical spacing
- = :J
Al
Rebar Mesh/! hf hiI
| WM pr . A
l - [ f .
i ,,/ Vartical Robarl b d; Vertical Rebar
B E 1 |
‘|‘ ' - Lo AL,
u_i- 1 "f‘, Waler Bars | 1 Waler Bars
T -
Ee i s -
e ke o
S E i T J :- T T H 2
w = £ I = + L
=o ! [
s —1 WWM
o~
l ' ' e
T | 3
T v |
| | L
_ Iholadlads|lb=lbdedl ol okl i
[—— > A
Section A-A

Vertical Cross Sectional Area (per unit lendgth)

SEC B-B

Nominal bending resistance for Grade 60 steel WWNM/rebar and 4.000 psi

Where:

smallerof

(ﬂ o Pl )[in".-"ft ]x

- . 5 h[fi]
[a o 5 A )[in'.-'ﬂ]x[ L ]

SII

Hori c Sectional A it length)
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Facing Design - Section B-B Station 2+20 to 5+20
Initial Facing (Shotcrete
anm= 012 in? aym= 012 in’
ayn = 8ym + Aun/Sh Ann = @nm *+ Ann/Sy
Aw= 040 in® A= 040 in?
Sy= 50 ft Sy= 50 ft
an= 020 in’/ft am= 020 in’/it
F = (aw * aym) * Su/Sy*h F = (ann + @nm) * Sv/Sy™h
h= 050 ft h= 050 ft
F = smaller of: F= 10.16 F= 0.16
Rer = 3.8*Ce*y*F
Cr = (Table 6.5, for initial, thickness = 6.00 inches)
Rer= 54.72 kips
CDR = & *Re/y*To
drr=  0.90 (Table 5.9)
Static: Yev = 1.35
To= 33.00 kips
Flexural Resistance CDR= 1.11 >= 1.00 OK
Seismic y= 1.00
To= 32.00 kips
Flexural Resistance CDR= 1.54 >= 1.00 OK

Check reinforcement ratios:

a
Pror (%) = 2L

—
3]
=

(horizontal) pror= 0.89 %
(vertical) pror = 0.89 %

AE [psi
b %] = 0.24 VP,
£, [ksi]

Pmin = 025 %

(horizontal) < 0.89 OK

(vertical) < 0.89 OK

Calculate the reinforcement ratio. pj, as:

a
p;=—0— 100
' 0.5h

Equation 6.6: Reinforcement ratio.

‘Where. a; = ratio of cross-sectional area of reinforcement per unit width (in *i”
direction and *j” location) and h = thickness of the facing being designed. whether
initial or final. The direction “i” can be “v” (for vertical) or ~“*h™ (for horizontal): the

location *i” can be “n” (nail head) or *“m” (mid-span between nails).

o [%6] = 0,05 LP<1] [ 90 J

" £ [ksi] | 90+ 1 [ksi]

L

Pmax=  2.00 %
> 0.89 OK
> 0.89 OK

The additional horizontal and vertical rebar in the initial facing nmst be placed near the nail
heads, usually within a distance by from the walls of the drill hole. Horizontal bars should
have a length of at least 0.60Sy; however. it is not uncommeon to place waler bars with a
length equal to Sy (Figure 6.5). Vertical rebar should be at least 0.605y long. Laps between
adjacent bars mmst be in the mid-span between nails. The wire spacing in WWDM typically
used in soil nail walls must meet the requirements for maxinmim spacing of reinforcement per
Section 10.6 “Distribution of Flexural Reinforcement”™ of ACT (2011).

SEC B-B
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wood.

Facing Design - Section B-B

Final Facing (CIP Fascia

am=an= 031 in°
Sy= 50 ft
F= (avn + avm) * SH/SV*h
h= 075 ft
F = smaller of: F= 047

Rer = 3.8*Ce*fy*F
Ce= 1
Rer = 106.02 kips

CDR = ¢ge*Ree/v*To

b= 0.90
Static: Ve = 1.35

To= 33.00 kips
Flexural Resistance CDR= 214
Seismic: vy= 1.00

To= 32.00 kips
Flexural Resistance CDR= 221

Check reinforcement ratios:

(horizontal) pror= 115 %
(vertical) pror= 115 %

' JE [psi]

%] = 024 X
Pean [%2] £, lesi]

Prmin = 025 %
(horizontal) < 115 OK
(vertical) < 115 OK

Station 2+20 to 5+20

A =am= 031 in’
Sy= 50 ft
F = (@n * @m) * Sv/Sy*h
h= 075 ft
F= 0.47

(Table 6.5, for final)

(Table 5.9)
1.00 OK
1.00 OK

Calculate the reinforcement ratio, py, as:

a
Py =—2— 100
" 05h

Equation 6.6: Reinforcement ratio.

Where. a; = ratio of cross-sectional area of reinforcement per unit width (in =i
direction and “j™ location) and h = thickness of the facing being desigmed, whether
initial or final. The divection “1” can be “v" (for vertical) or ~*h” (for horizontal): the

location “i” can be “n” (nail head) or “m” (mid-span berween nails).

. [O'E.]:OOSf;[pSi][ 90 J

£ [ksi] | 90+, [ksi]

\

Pmax = 2.00 %
> 115 OK
> 115 OK

SEC B-B
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Facing Design - Section B-B Station 2+20 to 5+20

Step 5 - Facing Punching Shear Resistance:

The nominal facing punching shear resistance, Ryp. for either situation must meet the

. . 584 Punching Shear Strength Limit State
following condition:

Resistance factors for punching at the facing are back-calibrated for a load factor of

CDR = ¢rp R s 1.0 vev = 1.35 for static conditions and ygy = 1.00 for seismic loading to match ASD-based
¥ T‘\ - designs. These values are presented in Table 5.10.
Equation 6.19: Capacity-to-demand ratio for punching shear resistance. Table 5.10: Resistance Factors for Punching Shear at Facing
Condition Case Symbol RESIS‘I:[I]IL‘E
Where: Factor
X N R X X Static Initial and final facing fi: 0.90
drp =  resistance factor for punching shear in the facing :
Seismic loading | Imitial and final facing drp 0.90
¥ = load factor selected for verification

To

maximum tensile foree at soil nail head. as defined previously
Rrp 1s estimated as:

R =Cp V)

Equation 6.20: Nominal punching shear resistance at facing.

Where:

Cp = dllllell}lollless factor that accounts for the contribution of the soil support under ¢, .0 pe 2 high as 1 15 if the soil reaction is considered The contribution from the sofl
the nail head to the shear resistance support behind the wall is conservatively assumed to be negligible: therefore, Cp=1.0. T1

VF = concrete punching shear basic resistance acting through the facing section

SEC B-B
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Facing Design - Section B-B Station 2+20 to 5+20

V, [kip]=0.58 /1. [psi] @ D', [ft]h,[ft]

Composite
Equation 6.21: Nominal punching shear resistance through facing. Conical Surface \

Initial Facing (Shotcrete D'c = Lgp + h; 7N,
Lgp= 9.00 in // 7 45°
! T
hc=h;= 6.00 in ,* k /.,f‘( VP).‘ ’
Dc= 15.00 in hil e
Ve= 7199  Kkips 'g,) 1 [ I

Cp= 1.00 (assume negligible)
Rep = Cp*VE= 71.99 kips

v

Idealized Soil Pressure

TO
Doy

(b) Headed Stud Connection

CDR = ¢gp*Rep/y*To

b= 0.90 (Table 5.10)
Static: Vev = 1.35

To= 33.00 kips
Punching Shear CDR= 1.45 >= 1.00 OK
Seismic: vy= 1.00

To= 32.00 kips
Punching Shear CDR= 1.50 >= 1.00 OK
Final Facing (CIP Fascia D'c = smaller Sgy+h, or 2*h,

hc=Lg+1tp-tsy

Ls= 6.50 in
tb= 1.0 in
tsy= 0.375 in
hc= 7.125 in

Sgy= 6.00 in

Sgythe = 13.125 in

2*h,= 14.25 in

D'c (min) = 13.125 in
Ve = 74.80 kips

Cp= 1.00 (assume negligible)
Rep = Cp*Vg = 74.80 kips

CDR = ¢gp*Rep/y*To

b= 0.90 (Table 5.9)
Static: Vev = 1.35

To= 33.00 kips
Punching Shear CDR= 1.51 >= 1.00 OK
Seismic: y= 1.00

To= 32.00 kips
Punching Shear CDR= 1.56 >= 1.00 OK

SEC B-B
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Facing Design - Section B-B

Step 6 - Facing Head Stud Resistance:

CDR = % Reu s 1 g
vT,

Equation 6.27: Capacity-to-demand ratio for a headed stud.

Where:
bry resistance factor for headed stud tensile resistance
Ry = nominal tensile resistance of headed studs in final facings
¥ = load factor selected for verification
T, = as defined earlier
Ry =Ny Agf

Equation 6.26: Headed stud resistance at facing.

Station 2+20 to 5+20

585

Headed Stud in Tension in Final Facing

Resistance factors for headed stud in tension punching in the final facing are back-calibrated
for a load factor of ygy = 1.35 for static conditions and ygy = 1.00 for seismic loading to
match ASD-based designs. These values are presented in Table 5.11.

Table 5.11: Resistance Factors for Headed Stud in Tension in Final Facings

Condition Case Symbol R.ers;‘;tr:]]:‘te
Static A307 Steel Bolt ™ e 0.70
Static A325 Steel Bolt drm 0.80

Seismic loading A307 Steel Bolt @ drm 0.65
Seismic loading A325 Steel Bolt v 0.75

Note: (1) This is equivalent to AWS D11 Type B stds, with £, = 60 ksi

Where:
Ng = number of headed studs in the connection (usually 4)
Ag = cross-sectional area of the headed stud shaft
fyns = tensile yield strength of headed stud
Ny= 4
As= 044 in®
fy= 60.00 ksi
Rpy = 105.98 kips
CDR = ¢gp*Rep/v*To
b= 0.70 (Table 5.11)
Static: Vev = 1.35
To= 33.00 kips
Stud Resistance CDR= 1.67 >= 1.00 OK
Seismic: y= 1.00
To= 32.00 kips
Stud Resistance CDR= 1.72 >= 1.00 OK
Summary
Shotcrete Layer:
thickness = 6.00 in
main reinf = 4x4 - W4.0 x W4.0 HorzbarL =0.6Sh= 3.00 ft
bar size at nails = 4 (2 vert and 2 horz) VertbarL=0.6Sv= 3.00 ft
CIP Fascia
thickness = 9.00 in
bar size 5 spaced at 12.0 in
Bearing Plate
square - size = 9.0 X 9.0 X 1.0 in thick
4 anchors spaced at= 6.00 in
anchorL= 6.50 in
anchorD= 0.75 in

GOVERNS FOR SECTIONS - SEE TOP ROW MAX FOR FINAL
THICKNESS OF SHOTCRETE AND CIP CONCRETE

SEC B-B
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Facing Design - Section C-C Station 5+20 to 6+06 (end)
North End of Wall L =20

DTL = 1,700 plf for Top Row; 2,500 plf for Remaining Rows

Nail Head Force: 27 kips static; 27 kips seismic

Will use BDM Standard Sheet for dimensions and confirm with analysis along with spacing and nail information provided by Geotech:

Per FHWA - need min 2"
CLR for studs for
corrosion protection -
all walls will have
additional ~1-1.5" of
formliner - therefore
will keep 1.5" clr for
calculations.

EEHR,

S I
| |
h
I
+ TH}]
i |
i
i
! 1
fanal
1
[E=E]

MIN. 68 HOLES (TTF)

VIEW 6
I

TYFICAL SECTION FASCIA WA

INFORECEMENT

™
[EFOXY COATED S0IL NAILS |

~ Note that Ls and hs nmst be selected such that the cover of final shotcrete or concrete over the

stud is at least 2 in. according to Section 7.6.7 “Nail-Head Corrosion Protection.™ Available

sizes of headed studs can be found in Appendix A and in references provided by
mamifacturers
— x5 - 1 2" CLR. (TYF.)
#5 - N 18" FREMOLDED JOIN
o i f o
A RETE
= N I \ P
[ & §
"8 x
J STUDPS (
. - U I L] L ]
ANCHOR FLATE DPETAILS
AASHTO A 36

2" CHAMFER (TYF.)

From FHWA NHI 14-007/GEC No. 7:

D. Facing Design i—.l-l:
1) Nail head load * EXPANSION JOINT

2) Wall facing type and thickness
3) Facing materials

4)  Flexural resistance

5) Facing punclung shear resistance
6) Facing head stud resistance

The safety factors correspond to the potential failure modes of the nail-facing
connection mcluding the flexural and punching shear failures. Because a two-phase
facing construction is used in this project. flexural and shear-punching failure modes
must be evaluated separately for the temporary and the permanent facing
Additionally. for the final facing. a tensile failure of the headed studs is considered.

SECC-C
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Facing Design - Section C-C Station 5+20 to 6+06 (end)
Provided:
Nail Size =| #8 Nail Head Force: 27 kips static; 27 kips seismic
Grade =| 75.00 |ksi
Sy =| 6.00 [ft Loads provided are from Geotech and have been
Sy = 5.00 |ft converted to To (design nail tensile force).

Step 1 - Calculate the Design Nail Head Tensile Force - Provided by Geotechs (did not need to compute)
Permanent Static:

To = kips

Yev = 1.35 (AASHTO LRFD, Table 3.4.1-2, EV for retaining walls, per FHWA)

Seismic:

To = kips

Y= 1.00 (AASHTO LRFD, Table 3.4.1-1, Extreme Event I)

Step 2 - Select Wall Facing Thickness:

shotcrete thickness (h) = 6.00 in (initial)
CIP Fascia thickness (h)= 9.00 in (final)

Step 3 - Select Soil Wall Materials:
Bar Nail fy = 75.00 ksi (provided by Geotech)

Initial Facing - Shotcrete
WWEF fy =| 60.0 |ksi
fc=|_4.0 |ksi Specifications 6-18.3(2), shotcrete f'c=4000 psi
WWEF = 4x4 - W4.0 x W4.0
A, aym =| 0.12 [in® /ft
Bars at Nails = 4 (2 vert, 2 horz)
BarAs= 0.20 in
No bars vert = 2
Aw= 040 in®
No bars horz = 2
Aun= 040 in

SECC-C
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Facing Design - Section C-C Station 5+20 to 6+06 (end)
Perm Facing - CIP Fascia
i TAEBLE A6
Rebar fy =| 60.0 |ksi HEADED-STUD DIMENSIONS
CIP bars = 5 Nominal Length | Head Diameter | ShaftDiameter | Head Thickness | . . . Head Thickness/
BarAs=_0.31 ?nz Ibar || Headet L, Da B, tn Shatt Area/ (Bead Diamtr-
spacing =| 12.0 [in | mm | - mm | i mm | i mm in. -
fe= 4.0 ksi 4x 3 s ‘ a0 ‘ 155 ‘ E S ‘ 13 | 121 ‘ a.750 ‘ 2.5 0.38 28 .75
Bearing Plate/Anchors
Lge=| 9.0 [in
Wge=| 9.0 [in
tp=| 1.0 [in
fy=| 36.00 |ksi Grade ASTM A36 Dgy —= | tan
no. of studs Ny = 4 (per BDM example) t
headed stud dia Dgc =| 0.75 |[in -
stud shaftareaAs = 0.44 in? I
h i =| 1. i
ead size Dgy 1.30 |in Le
clr=| _1.50 |in D;c
shaftL=_6.13 in - *
head tgy =| 0.375 |in (per BDM example)
Ls =shaftL +tgy= 6.50 in (max for CIP thickness) v
Ssh, Spa=| 6.00 |in
fy =| 60.00 |ksi A307, Grade A

Step 4 - Flexural Resistance:

CDR:mZ 1.0

"
! o

The facing resistance is verified in LRFD for each of the facings as follows:

Equation 6.18: Capacity-to-demand ratio for bending in facing.

Where:

drr =  resistance factor for bending/flexure in the facing
Rer = nominal resistance for bending/flexure of facing
Y = load factor selected for verifications

T, =

If the resistance is insufficient, increase the thickness of facing. amount of steel. and/or
strength of steel and/or of concrete.

5.8.3c¢ Resistance Factors for Flexure at Facing

Resistance factors for flexure resistance at the facing are back-calibrated for a load factor of
yev =1.35 for static conditions and yev = 1.00 for seismic loading to match ASD-based

designs. These values are presented in Table 5.9.

Table 5.9: Resistance Factors for Flexure Resistance at Facing

Condition Case Symbol Resistance
- Factor
Static Initial and final facing tbre 0.90
Seismic loading Initial and final facing bre 0.90

SECC-C

maximum tensile force at soil nail head. as estimated with Eq. 5.1 (Section 5.2.1)
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wood.

Station 5+20 to 6+06 (end)

Facing Design - Section C-C

R [kip] =3.8 = Cpxfy [ksi] I = 228 x Cpx I

Equation 6.15:

Ann =

aym =

Avw =

Ay =

Su =
Sy =

shoterete.

Table 6.4: Nomenclature for Cross-Sectional Area per Unit Width
of Facing Reinforcement

Cross-Sectional Area of

Location Reinforcement per Unit Width

Direction

Vertical Nail Head

Ay

Vertical Mid-Span @

dvm

Horizontal Nail Head A

Horizontal Mid-Span @ am

Motes: (1) Both WWM and the rebar contmbute.
(@) Only WWM contributes.

reinforcement cross-sectional area per unit width in the vertical direction at the
nail head. If the yield strengths of the WWDNM and the rebar are different in the
initial facing. this is an equivalent value.

reinforcement cross-sectional area per unit width in the vertical direction at
midspan

equivalent reinforcement cross-sectional area per unit width in the horizontal
direction at the nail head

reinforcement cross-sectional area per unit width in the horizontal direction at
midspan

equivalent cross-sectional area at the head in the vertical direction to consider

different yield strengths for the WWM and rebar. A'ww = (f_r/fr_w) = Avw, where

fy g = rebar yield strengths and f; o = WWM yield strength

equivalent cross-sectional area at the head in the horizontal direction.
A'myv = (f_2/f_w) = Amx

nail horizontal spacing

nail vertical spacing

F 3
w
I
L

A

4}

/ Vertical Rebar

e f Waler Bars

0.6S,—*

wn
4
Minimum

“+—length

Section A-A
Vertical Cross Sectional Area (per unit lendgth)

SECC-C

Rebar Mesh/!

Nominal bending resistance for Grade 60 steel WWNM/rebar and 4.000 psi

Where:

(ﬂ o Pl )[in".-"ft ]x

- . 5 h[fi]
[a o 5 A )[in'.-'ﬂ]x[ L ]

SII

smallerof

Equation 6.16: Definition of F.

Table 6.5: Factor Cg

Facing Thickness,

Facing b; or by (in.)

Initial 4 2.0

Initial 6 1.5

Initial 8 1

Final All 1.

ar

—

» A

d; Vertical Rebar

e

Waler Bars

Hori c Sectional A it length)
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Facing Design - Section C-C Station 5+20 to 6+06 (end)
Initial Facing (Shotcrete
anm= 012 in? aym= 012 in’
ayn = 8ym + Aun/Sh Ann = @nm *+ Ann/Sy
Aw= 040 in® A= 040 in?
Sy= 6.0 ft Sy= 50 ft
a,= 0.19 in®/t a,= 020 in/t
F = (aw * aym) * Su/Sy*h F = (ann + @nm) * Sv/Sy™h
h= 050 ft h= 050 ft
F = smaller of: F= 10.18 F= 013
Rer = 3.8*Ce*y*F
Cr = (Table 6.5, for initial, thickness = 6.00 inches)
Rer= 45.60 kips
CDR = & *Re/y*To
drr=  0.90 (Table 5.9)
Static: Yev = 1.35
To= 27.00 kips
Flexural Resistance CDR= 1.13 >= 1.00 OK
Seismic y= 1.00
To= 27.00 kips
Flexural Resistance CDR= 1.52 >= 1.00 OK

Check reinforcement ratios:

a
Pror (%) = 2L

=100
12[5‘|
L2 )
(horizontal) pror= 0.89 %
(vertical) pror = 0.85 %
JE [psi
b l] = 024 V1P,
£, [ksi]
Pmin = 025 %

(horizontal) < 0.89 OK
(vertical) < 0.85 OK

Calculate the reinforcement ratio. pj, as:

a
p;=—0— 100
' 0.5h

Equation 6.6: Reinforcement ratio.

‘Where. a; = ratio of cross-sectional area of reinforcement per unit width (in *i”
direction and *j” location) and h = thickness of the facing being designed. whether
initial or final. The direction “i” can be “v” (for vertical) or ~“*h™ (for horizontal): the

location *i” can be “n” (nail head) or *“m” (mid-span between nails).

o [%6] = 0,05 LP<1] [ 90 J

" £ [ksi] | 90+ 1 [ksi]

L

Pmax=  2.00 %
> 0.89 OK
> 0.85 OK

The additional horizontal and vertical rebar in the initial facing nmst be placed near the nail
heads, usually within a distance by from the walls of the drill hole. Horizontal bars should
have a length of at least 0.60Sy; however. it is not uncommeon to place waler bars with a
length equal to Sy (Figure 6.5). Vertical rebar should be at least 0.605y long. Laps between
adjacent bars mmst be in the mid-span between nails. The wire spacing in WWDM typically
used in soil nail walls must meet the requirements for maxinmim spacing of reinforcement per
Section 10.6 “Distribution of Flexural Reinforcement”™ of ACT (2011).

SECC-C
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wood.

Facing Design - Section C-C

Final Facing (CIP Fascia

am=an= 031 in°
Sy= 6.0 ft
F= (avn + avm) * SH/SV*h
h= 075 ft
F = smaller of: F= 0.56

Rer = 3.8°C*fy*F
Ce= 1
Rer= 88.35 kips

CDR = ¢ge*Ree/v*To

b= 0.90
Static: Ve = 1.35

To= 27.00 kips
Flexural Resistance CDR= 2.18
Seismic: vy= 1.00

To= 27.00 kips
Flexural Resistance CDR= 2.18

Check reinforcement ratios:

(horizontal) pror= 115 %
(vertical) pror= 115 %

' JE [psi]

%] = 024 X
Pean [%2] £, lesi]

Prmin = 025 %
(horizontal) < 115 OK
(vertical) < 115 OK

Station 5+20 to 6+06 (end)

A =am= 031 in’
Sy= 50 ft
F = (@n * @m) * Sv/Sy*h
h= 075 ft
F= 0.39

(Table 6.5, for final)

(Table 5.9)
1.00 OK
1.00 OK

Calculate the reinforcement ratio, py, as:

a
Py =—2— 100
" 05h

Equation 6.6: Reinforcement ratio.

Where. a; = ratio of cross-sectional area of reinforcement per unit width (in =i
direction and “j™ location) and h = thickness of the facing being desigmed, whether
initial or final. The divection “1” can be “v" (for vertical) or ~*h” (for horizontal): the

location “i” can be “n” (nail head) or “m” (mid-span berween nails).

. [O'E.]:OOSf;[pSi][ 90 J

£ [ksi] | 90+, [ksi]

\

Pmax = 2.00 %
> 115 OK
> 115 OK

SECC-C
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Facing Design - Section C-C Station 5+20 to 6+06 (end)

Step 5 - Facing Punching Shear Resistance:

The nominal facing punching shear resistance, Ryp. for either situation must meet the

. . 584 Punching Shear Strength Limit State
following condition:

Resistance factors for punching at the facing are back-calibrated for a load factor of

CDR = ¢rp R s 1.0 vev = 1.35 for static conditions and ygy = 1.00 for seismic loading to match ASD-based
¥ T‘\ - designs. These values are presented in Table 5.10.
Equation 6.19: Capacity-to-demand ratio for punching shear resistance. Table 5.10: Resistance Factors for Punching Shear at Facing
Condition Case Symbol RESIS‘I:[I]IL‘E
Where: Factor
X N R X X Static Initial and final facing fi: 0.90
drp =  resistance factor for punching shear in the facing :
Seismic loading | Imitial and final facing drp 0.90
¥ = load factor selected for verification

To

maximum tensile foree at soil nail head. as defined previously
Rrp 1s estimated as:

R =Cp V)

Equation 6.20: Nominal punching shear resistance at facing.

Where:

Cp = dllllell}lollless factor that accounts for the contribution of the soil support under ¢, .0 pe 2 high as 1 15 if the soil reaction is considered The contribution from the sofl
the nail head to the shear resistance support behind the wall is conservatively assumed to be negligible: therefore, Cp=1.0. T1

VF = concrete punching shear basic resistance acting through the facing section

SECC-C
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Facing Design - Section C-C Station 5+20 to 6+06 (end)

V, [kip]=0.58 /1. [psi] @ D', [ft]h,[ft]

Composite
Equation 6.21: Nominal punching shear resistance through facing. Conical Surface \

Initial Facing (Shotcrete D'c = Lgp + h; 7N,
Lgp= 9.00 in // 7 45°
! T
hc=h;= 6.00 in ,* k /.,f‘( VP).‘ ’
Dc= 15.00 in hil e
Ve= 7199  Kkips 'g,) 1 [ I

Cp= 1.00 (assume negligible)
Rep = Cp*VE= 71.99 kips

v

Idealized Soil Pressure

TO
Doy

(b) Headed Stud Connection

CDR = ¢gp*Rep/y*To

b= 0.90 (Table 5.10)
Static: Vev = 1.35

To= 27.00 kips
Punching Shear CDR= 1.78 >= 1.00 OK
Seismic: vy= 1.00

To= 27.00 kips
Punching Shear CDR= 1.78 >= 1.00 OK
Final Facing (CIP Fascia D'c = smaller Sgy+h, or 2*h,

hc=Lg+1tp-tsy

Ls= 6.50 in
tb= 1.0 in
tsy= 0.375 in
hc= 7.125 in

Sgy= 6.00 in

Sgythe = 13.125 in

2*h,= 14.25 in

D'c (min) = 13.125 in
Ve = 74.80 kips

Cp= 1.00 (assume negligible)
Rep = Cp*Vg = 74.80 kips

CDR = ¢gp*Rep/y*To

b= 0.90 (Table 5.9)
Static: Vev = 1.35

To= 27.00 kips
Punching Shear CDR= 1.85 >= 1.00 OK
Seismic: y= 1.00

To= 27.00 kips
Punching Shear CDR= 1.85 >= 1.00 OK

SECC-C
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Facing Design - Section C-C
Step 6 - Facing Head Stud Resistance:

CDR = % Reu s 1 g
1T,

Equation 6.27: Capacity-to-demand ratio for a headed stud.

Where:
bry resistance factor for headed stud tensile resistance
Ry = nominal tensile resistance of headed studs in final facings
¥ = load factor selected for verification
T, = as defined earlier
Ry =Ny Agf

Equation 6.26: Headed stud resistance at facing.

Station 5+20 to 6+06 (end)

585

Headed Stud in Tension in Final Facing

Resistance factors for headed stud in tension punching in the final facing are back-calibrated
for a load factor of ygy = 1.35 for static conditions and ygy = 1.00 for seismic loading to
match ASD-based designs. These values are presented in Table 5.11.

Table 5.11: Resistance Factors for Headed Stud in Tension in Final Facings

Condition Case Symbol R.ers;‘;tr:]]:‘te
Static A307 Steel Bolt ™ e 0.70
Static A325 Steel Bolt drm 0.80

Seismic loading A307 Steel Bolt @ drm 0.65
Seismic loading A325 Steel Bolt v 0.75

Note: (1) This is equivalent to AWS D11 Type B stds, with £, = 60 ksi

Where:
Ng = number of headed studs in the connection (usually 4)
Ag = cross-sectional area of the headed stud shaft
fyns = tensile yield strength of headed stud
Ny = 4
As= 044 in’
fy= 60.00 ksi
Rpy = 105.98 kips
CDR = ¢gp*Rep/v*To
b= 0.70 (Table 5.11)
Static: Vev = 1.35
To= 27.00 kips
Stud Resistance CDR= 2.04 >= 1.00 OK
Seismic: y= 1.00
To= 27.00 kips
Stud Resistance CDR= 2.04 >= 1.00 OK
Summary
Shotcrete Layer:
thickness = 6.00 in

main reinf = 4x4 - W4.0 x W4.0

bar size at nails = 4 (2 vert and 2 horz)
CIP Fascia
thickness = 9.00 in
bar size 5 spaced at
Bearing Plate
square - size = 9.0 X 9.0
4 anchors spaced at= 6.00 in
anchorL= 6.50 in
anchorD= 0.75 in

HorzbarL=0.6Sh= 3.60 ft
VertbarL=0.6Sv= 3.00 ft
12.0 in
X 1.0 in thick

DOES NOT GOVERN

SECC-C
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Facing Design - Top Row of Nails - Governing Condition

This design check is for the top row of nails to account for the facing panel extensions above grade. The governing (highest) panel is at STA 2+38 and will
be ~9ft above grade to top of concrete panel. The capacity of this section was checked similar to a noise wall (fixed at the first nail) for a railing load, wind
load and seismic load per AASHTO to confirm the facing thickness and required reinforcement. The governing load condition was computed to be the
extreme (seismic) condition. The additional force acting on the top row of nails is added to the provided nail forces to check facing design and connection
details.

Will use BDM Standard Sheet for dimensions and confirm with analysis along with spacing and nail information provided by Geotech:

Per FHWA - need min 2"

dt1d- CLR for studs for
A corrosion protection -
= all walls will have
Il additional ~1-1.5" of
[ formliner - therefore
P! will keep 1.5" clr for
‘ | calculations.
amal
;i e
i I
|
T ™
| |
[Emal
o zmaj
| |
|
|
| 1l
=—==3 [s=E]
G
T T
|
i

VIEW 6
MIN. 68 HOLES (TTF)

TYFICAL SECTION FASCIA WAL

INFORECEMENT

™
[EFOXY COATED S0IL NAILS |
~ Note that Ls and hs nmst be selected such that the cover of final shotcrete or concrete over the
- stud is at least 2 in. according to Section 7.6.7 “Nail-Head Corrosion Protection.™ Available

sizes of headed studs can be found in Appendix A and in references provided by
manufacturers
2" CLE. (TYF.)
L #6 - 1en ‘&. 1" FREMOLDED JOINT FILLER
= WIWF 4
- N f A
N A=
7 1 [} [ [OBR]
"8 x >—— C.I.F. CONCRETE
STUDS |
P . °
ANCHOR FPLATE DETAILS
AASHTO A 36
%" CHAMFER (TYP.)
From FHWA NHI 14-007/GEC No. 7: =, [l:
D. Facing Design -

1) Nail head load { ExPANSION JoINT o
2)  Wall facing type and thickness The safety factors correspond to the potential failure modes of the nail-facing
3) Facing materials connection including the flexural and punching shear failures. Because a two-phase
4) Flexural resistance facing construction is used in this project. flexural and shear-punching failure modes
5) Facing punching shear resistance must be evaluated separately for the temporary and the permanent facing

6) Facing head stud resistance Additionally. for the final facing, a tensile failure of the headed studs is considered.

Top Row Max
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Facing Design - Top Row of Nails - Governing Condition

Provided:

Location = Section B-B - where max panel is located and also max load provided by geotch

Nail Size =
Grade =
Sy=

Sy =

#10

75.00 |ksi

5.00 |ft

5.00 |ft

Loads provided are from Geotech and have been
converted to To (design nail tensile force).

Step 1 - Calculate the Design Nail Head Tensile Force - Provided by Geotechs (did not need to compute)

Table: Nails & max mobilized head forces

Seismic:
Name MNail a X EL Lfix Lfree Space Fhead Fhead
Section deg (ft) (ft) (ft) fe) (ft) (k/Ft) (k)
NO o N1 15 0 175 23 1] 5 6.2515 31.26

Design load at the top nail was provided for Max Section B-B (at STA 3+80) - which
represents the area where this max section is located - conservative, as wall height

at step location is lower.

(Provided by Geotech)

(added for max height of panel above grade - see separate seismic calcs)

(AASHTO LRFD, Table 3.4.1-1, Extreme Event I)

(initial)
(final)

(provided by Geotech)

Specifications 6-18.3(2), shotcrete f'c=4000 psi

(2 vert, 2 horz)

To =| 31.26 |kips
Feq =| 15.71 |kips
To= 46.97 kips
Y= 1.00
Step 2 - Select Wall Facing Thickness:
shotcrete thickness (h) = 6.00 in
CIP Fascia thickness (h)= 9.00 in
Step 3 - Select Soil Wall Materials:
Bar Nail fy= 75.00 ksi
Initial Facing - Shotcrete
WWEF fy =| 60.0 [ksi
fc=|_ 4.0 [ksi
WWEF = 4x4 - W4.0 x W4.0
A A =| 0.12 |in? /ft
Bars at Nails = 4
BarAs= 0.20 in?
No bars vert = 2
A= 040 in’
No bars horz = 2
A= 040 in®

Top Row Max
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Facing Design - Top Row of Nails - Governing Condition

Perm Facing - CIP Fascia

X TABLE A6
Rebar fy =| 60.0 |ksi HEADED-STUD DIMENSIONS
CIP bars = 5 Nominal Length | Head Diameter | ShaftDiameter | Head Thickness | . . . Head Thickness/
BarAs=_0.31 in’/bar | Headed L. - - - e
spacing =| 12.0 [in | mm | - mm | i mm | i mm in. -
fe= 4.0 ksi 4x 3 s ‘ a0 ‘ 155 ‘ E S ‘ 13 | 121 ‘ a.750 ‘ 2.5 0.38 28 .75
Bearing Plate/Anchors
Lgp=[ 9.0 |[in
Wgp=[ 9.0 |in
tp=| 1.0 [in
fy =| 36.00 |ksi Grade ASTM A36 Dsy — |t
no. of studs Ny = 4 (per BDM example) t
headed stud dia Dgc =| 0.75 |[in -
stud shaftareaAs = 0.44 in? I
head size Dgyy =| 1.30 |[in Le
clr=| _1.50 |in D;c
shaftL=_6.13 in - *
head tsy =in (per BDM example)
Ls =shaftL +tgy= 6.50 in (max for CIP thickness) v
Ssh, Spa= 6.00 in

fy =[60.00 Jksi

The facing resistance is verified in LRFD for each of the facings as follows:

Step 4 - Flexural Resistance:

CD

A307, Grade A

R = ber Rep > 1.0

"
! o

Equation 6.18: Capacity-to-demand ratio for bending in facing.

Where:

drr =  resistance factor for bending/flexure in the facing
Rer = nominal resistance for bending/flexure of facing
Y = load factor selected for verifications

T, =

If the resistance is insufficient, increase the thickness of facing. amount of steel. and/or
strength of steel and/or of concrete.

5.8.3c¢ Resistance Factors for Flexure at Facing

Resistance factors for flexure resistance at the facing are back-calibrated for a load factor of
yev =1.35 for static conditions and yev = 1.00 for seismic loading to match ASD-based

designs. These values are presented in Table 5.9.

Table 5.9: Resistance Factors for Flexure Resistance at Facing

Condition Case Symbol Resistance
- Factor
Static Initial and final facing tbre 0.90
Seismic loading Initial and final facing bre 0.90

Top Row Max

maximum tensile force at soil nail head. as estimated with Eq. 5.1 (Section 5.2.1)
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Facing Design - Top Row of Nails - Governing Condition

R [kip] =3.8 = Cpxfy [ksi] I = 228 x Cpx I

Equation 6.15:

Ann =

aym =

Avw =

Ay =

Su =
Sy =

shoterete.

Table 6.4: Nomenclature for Cross-Sectional Area per Unit Width
of Facing Reinforcement

Direction Location Cross-Sectional Area of
! Reinforcement per Unit Width Equation 6.16: Definition of F.
Vertical Nail Head ™ A
Vertical Mid-Span @ am
Table 6.5: Factor Cg
Horizontal Nail Head @ Atm Facing Thickness
Facing . ’ Cr
. _ @ h; or hy (in.)
Horizontal Mid-Span Ahm
Initial 4 2.0
Notes: (1) Both WWM and the rebar contnbute. Initial 6 1.5
(@) Only WWM contributes.
Initial 8 1.0
Final All 1.0
reinforcement cross-sectional area per unit width in the vertical direction at the
nail head. If the yield strengths of the WWDNM and the rebar are different in the
initial facing. this is an equivalent value.
reinforcement cross-sectional area per unit width in the vertical direction at
midspan
equivalent reinforcement cross-sectional area per unit width in the horizontal
direction at the nail head
reinforcement cross-sectional area per unit width in the horizontal direction at
midspan
equivalent cross-sectional area at the head in the vertical direction to consider
different yield strengths for the WWM and rebar. A'ww = (f_r/fr_w) = Avw, where
fy g = rebar yield strengths and f; o = WWM yield strength
equivalent cross-sectional area at the head in the horizontal direction.
A'myv = (f_2/f_w) = Amx
nail horizontal spacing
nail vertical spacing
- = :J
Al
Rebar Mesh/! hf hiI
| WM pr . A
l - [ f .
i ,,/ Vartical Robarl b d; Vertical Rebar
B E 1 |
‘|‘ ' - Lo AL,
u_i- 1 "f‘, Waler Bars | 1 Waler Bars
T -
Ee i s -
e ke o
S E i T J :- T T H 2
w = £ I = + L
=o ! [
s —1 WWM
o~
l ' ' e
T | 3
T v |
| | L
_ Iholadlads|lb=lbdedl ol okl i
[—— > A
Section A-A

Vertical Cross Sectional Area (per unit lendgth)

Top Row Max

Nominal bending resistance for Grade 60 steel WWNM/rebar and 4.000 psi

Where:

smallerof

(ﬂ o Pl )[in".-"ft ]x

- . 5 h[fi]
[a o 5 A )[in'.-'ﬂ]x[ L ]

SII

Hori c Sectional A it length)
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Facing Design - Top Row of Nails - Governing Condition

Initial Facing (Shotcrete
anm= 012 in?
ayn = aym + AVN/SH
Aw= 040 in®
Sy= 50 ft
an= 020 in’/ft
F = (aw * aym) * Su/Sy*h
h= 050 ft
F = smaller of: F= 0.16
Rer = 3.8*CE*y*F
Ce=[ 150 |
Rpr = 54.72 kips
CDR = & *Re/y*To
b= 0.90
Seismic y= 1.00
To= 46.97 kips
Flexural Resistance CDR= 1.05 >=
Check reinforcement ratios:
Pror (%) =| —T0 ,_h v | 100
12 [ LI
L2 )
(horizontal) pror= 089 %
(vertical) pror = 089 %

,/f:' [psi]

Pun [%6] = 0.24 1 — —.

£, [ksi]
Prmin = 025 %
(horizontal) < 0.89 OK
(vertical) < 0.89 OK

am = 0.2 in?

Ann = @nm *+ Ann/Sy
2

A= 040 in
Sy= 50 ft
a,= 020 in/t

F = (@ * @m) * Sv/Sy™h
h= 050 ft
F= 0.16

(Table 6.5, for initial, thickness = 6.00 inches)

(Table 5.9)

1.00 OK
Calculate the reinforcement ratio. pj. as:

P =—3 100
= 0.5h

Equation 6.6: Reinforcement ratio.

Where, aj; = ratio of cross-sectional area of reinforcement per unit width (in “i”
direction and " location) and h = thickness of the facing being designed. whether
mitial or final. The direction “i” can be “v” (for vertical) or ~*h™ (for horizontal): the

location *i” can be “1” (nail head) or “m” (mid-span between nails).

£ [psi] (
P e[ 0] = 0.05 ‘[ps,] [L
£, [ksi] | 90 +1 [ksi]
Pmax = 200 %

> 0.89 OK
> 0.89 OK

The additional horizontal and vertical rebar in the 1nitial facing must be placed near the nail
heads, usually within a distance h: from the walls of the drill hole. Horizontal bars should
have a length of at least 0.605y; however, it is not uncommeon to place waler bars with a

length equal to Sy (Figure 6.5). Vertical rebar should be

at least 0.60Sy long. Laps between

adjacent bars must be in the mid-span between nails. The wire spacing in WWM typically
used in soil nail walls must meet the requirements for maximmm spacing of reinforcement per
Section 10.6 “Distribution of Flexural Reinforcement”™ of ACT (2011).

Top Row Max
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Facing Design - Top Row of Nails - Governing Condition

Final Facing (CIP Fascia
am=an= 031 in°
Sy= 50 ft
F= (avn + avm) * SH/SV*h
h= 075 ft
F = smaller of: F= 047
Rer = 3.8*Ce*fy*F
Cg= 1
Rrr = 106.02 kips
CDR = ¢ge*Ree/v*To
b= 0.90
Seismic: vy= 1.00
To= 46.97 Kkips
Flexural Resistance CDR= 1.50
Check reinforcement ratios:
Progp (%) =| 2 ,h‘f“ %100
12| =+
L2
(horizontal) pror= 115 %
(vertical) pror= 115 %
JE Tpsi]
Puin [¥0] = 0.24 ———
£, [ksi]
Prmin = 025 %
(horizontal) < 1.15 OK
(vertical) < 115 OK

A =am= 031 in’
Sy= 50 ft
F = (@n * @m) * Sv/Sy*h
h= 075 ft
F= 0.47

(Table 6.5, for final)

(Table 5.9)

1.00 OK

Calculate the reinforcement ratio, py, as:

p; =

a
=" 100
" 05h

Equation 6.6: Reinforcement ratio.

Where. a; = ratio of cross-sectional area of reinforcement per unit width (in =i
direction and “j™ location) and h = thickness of the facing being desigmed, whether
initial or final. The divection “1” can be “v" (for vertical) or ~*h” (for horizontal): the
location “i” can be “n” (nail head) or “m” (mid-span berween nails).

£ [psi
Pamc[%0] = 0.05 ‘[p5,] [L
£ [ksi] { 90 + £ [ksi]
pmac=  2.00 %

> 115 OK
> 115 OK

Top Row Max
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Facing Design - Top Row of Nails - Governing Condition
Step 5 - Facing Punching Shear Resistance:

The nominal facing punching shear resistance, Ryp. for either situation must meet the

. . 584 Punching Shear Strength Limit State
following condition:

Resistance factors for punching at the facing are back-calibrated for a load factor of

CDR = ¢rp R s 1.0 vev = 1.35 for static conditions and ygy = 1.00 for seismic loading to match ASD-based
¥ T‘\ - designs. These values are presented in Table 5.10.
Equation 6.19: Capacity-to-demand ratio for punching shear resistance. Table 5.10: Resistance Factors for Punching Shear at Facing
Condition Case Symbol RESIS‘I:[I]IL‘E
Where: Factor
X N R X X Static Initial and final facing fi: 0.90
drp =  resistance factor for punching shear in the facing :
Seismic loading | Imitial and final facing drp 0.90
¥ = load factor selected for verification

To

maximum tensile foree at soil nail head. as defined previously
Rrp 1s estimated as:

R =Cp V)

Equation 6.20: Nominal punching shear resistance at facing.

Where:

Cp = dllllell}lollless factor that accounts for the contribution of the soil support under ¢, .0 pe 2 high as 1 15 if the soil reaction is considered The contribution from the sofl
the nail head to the shear resistance support behind the wall is conservatively assumed to be negligible: therefore, Cp=1.0. T1

VF = concrete punching shear basic resistance acting through the facing section

Top Row Max
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wood.

Facing Design - Top Row of Nails - Governing Condition

V, [kip]=0.58 /1. [psi] @ D', [ft]h,[ft]

Equation 6.21: Nominal punching shear resistance through facing.

Compasite
Conical Surface

Idealized Soil Pressure

Initial Facing (Shotcrete D'c=Lgp + h; A
vl
Lgp= 9.00 in // 7 45°
g U
hc=h= 6.00 in ik R
D'c= 15.00 in “*I 3 0
Ve= 7199  kips f%) ] [ I
Cp= 1.00 (assume negligible) afls N
Rep = Cp*Ve = 71.99 kips . ]
Doy
CDR = ¢gp*Rep/y*To
¢ 0.90 (T ble 5 10) (b) Headed Stud Connection
= 0. able 5.
Seismic: vy= 1.00
To= 46.97 Kkips
Punching Shear CDR= 1.02 >= 1.00 OK

Final Facing (CIP Fascia D'c = smaller Sgyy+h, or 2*h,
hc=Lg+tp-tsy
Ls= 6.50 in
tp= 1.0 in
tsy= 0.375 in
hc= 7.125 in
Ssy= 6.00 in
Sgythe = 13.125 in
2*h,= 14.25 in
D'c (min) = 13.125 in
Ve = 74.80 kips
Cp= 1.00 (assume negligible)
Rep = Cp*VE = 74.80 kips
CDR = ¢gp*Rep/y*To
b= 0.90
Seismic: y= 1.00
To= 46.97 kips
Punching Shear CDR= 1.06 >=

1.00

(Table 5.9)

OK

Top Row Max
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Facing Design - Top Row of Nails - Governing Condition

Step 6 - Facing Head Stud Resistance:

CDR = % Reu s 1 g
vT,

Equation 6.27: Capacity-to-demand ratio for a headed stud.

Where:
bry resistance factor for headed stud tensile resistance
Ry = nominal tensile resistance of headed studs in final facings
¥ load factor selected for verification
T, = as defined earlier
Ry =Ny Agf

Equation 6.26: Headed stud resistance at facing.

585

Headed Stud in Tension in Final Facing

Resistance factors for headed stud in tension punching in the final facing are back-calibrated
for a load factor of ygy = 1.35 for static conditions and ygy = 1.00 for seismic loading to
match ASD-based designs. These values are presented in Table 5.11.

Table 5.11: Resistance Factors for Headed Stud in Tension in Final Facings

Condition Case Symbol R.ers;‘;tr:]]:‘te
Static A307 Steel Bolt ™ e 0.70
Static A325 Steel Bolt drm 0.80

Seismic loading A307 Steel Bolt @ drm 0.65
Seismic loading A325 Steel Bolt v 0.75

Note: (1) This is equivalent to AWS D11 Type B stds, with £, = 60 ksi

Where:
Ng = number of headed studs in the connection (usually 4)
Ag = cross-sectional area of the headed stud shaft
fyns = tensile yield strength of headed stud
Ny= 4
As= 044 in®
fy= 60.00 ksi
Ry = 105.98 kips
CDR = ¢gp*Rep/v*To
b= 0.70 (Table 5.11)
Seismic: y= 1.00
To= 46.97 Kkips
Stud Resistance CDR= 117 >= 1.00 OK
Summary
Shotcrete Layer:
thickness = 6.00 in
main reinf = 4x4 - W4.0 x W4.0 HorzbarL =0.6Sh= 3.00 ft
bar size at nails = 4 (2 vert and 2 horz) VertbarL=0.6Sv= 3.00 ft
CIP Fascia
thickness = 9.00 in
bar size 5 spaced at 12.0 in
Top Row Bearing Plate
square - size= 9.0 X 9.0 X 1.0 in thick
4 anchors spaced at= 6.00 in
anchorL= 6.50 in
anchorD= 0.75 in

GOVERNS FOR FINAL THICKNESS OF SHOTCRETE AND CIP
CONCRETE

Top Row Max
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Concrete Stem Analysis
Input
stemht=| 9.00 |ft (max at Wall Station 2+38 step)
Coping above stem = | 0.83 |ft
Railht=| 3.50 |ft
Depth to first nail =| 2.00 |ft (typ 2.0 ft from top)
Analysis H=| 15.33 |[ft
stem width =| 0.75 |ft

Load Factors

AASHTO LRFD T 3.4.1-1

(ignoring extra thickness on top of shotcrete)

Design check with Strength | limit state: LL 1.75 (WAC fall protection rail load only)
Design check with Strength V limit state: LL 1.35 (WAC fall protection rail and wind load)
Design check with Strength Il1 limit state: WS 1.00 (Wind only)
Design check with Extreme Event | limit state: EQ 1.00 (Seismic only)
WAC Fall Protection Load
F= 0.20 k (unfactored)
Strength | 0.35 k (factored) (for check with no other loads)
Strength V 0.27 k (factored) (for check with wind)

Loading would transfer into the wall via the wall connection/rebar spaced at an interval to resist the loading between the max 8-ft post locations. Assume 2
closest bars (connection bars to be spaced at 24") to post location take half loading each (remaining portion of wall does not help to resist loads). See wall

cap connection calculations for connection bar design.

STA Z2+50.
ELEV = 175.

STA 2+38.00

ELEV =
STA Z2+26.00

ELEV = 167.00

STA 2+14.00
ELEV = 183.00

171.00

STA 2+00.12
r ELEV = 7‘54.56
\

24" CHAMFER, TYF

ELEV =
SEE ELEVATIONS)
F= 0.10 k(unfactored) (F/2)
0.175 k (factored) (Strength 1)
0.135 Kk (factored) (Strength V)

Stem Check

ING FOR CONNECTION

WITH NON-SHRINK GROUT.



Page 47

JOB NO. PS19203160 SHEET 45 OF 51 \ ‘ , d
PHASE Design TASK Wall 09.05R-B oo -
JOB NAME 1-405; Renton To Belleview Widening and Express Toll Lanes Project Colorado Center Tower Il
BY JDF DATE 8/7/2020 2000 S. Colorado Blvd., Ste 2-1000
CHECKED BY DMP DATE 9/24/2020 Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575
Materials Input
fc=[ 4.0 |ksi BDM 5.1.1.B.2
B1= 085 And per Plan Sheets
fy=[_60.0 |ksi BDM 5.1.2
ve=_ 1] AASHTO LRFD 5.6.7
modulus of rupture coefficient = o f s AASHTO LRFD 5.4.2.6
fr= 0480 ksi 0.24 AN f'.
wc= 0.155 kcf BDM 3.8
Ec= 4576 ksi E_=120,000K w2° fr°% AASHTO LRFD 5.4.2.4-1
n=29000= 6.34
4576
A=[ 1.0 ] AASHTO LRFD 5.4.2.8
y1=| 1.60 AASHTO LRFD 5.6.3.3
y3=| 0.75 (per notes for ASTM A706, Grade 60)

Structural Design Loads

AnalysisH=15.33 ft
Strength | (WAC Fall Protection)
Vu= 0.18 k
Mu= 2.68 k-t
Minimum Reinforcement
Minimum Reinforcement
1.33Mu= 357 k-t
S=llc= =1/12 (b) (N)"3 = 729 =
c 4.5
Al v3 fr S
Mcr= 1.60x 0.75x 048x 162 = 7.78 k-t
12
Strength | Loading Summary
Vu= 0.18 k
Mu= 3.57 k-t

Stem Check

(height above fixed point of stem where load acts)

(Analysis Ht * Vu)

AASHTO LRFD 5.6.3.3

162 in®

=MAX( Mu, MIN(1.33Mu, Mcr ))
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Strength V (WAC Fall Protection and Wind)
WAC Fall Protection
Vu= 0.14 kK
Mu= 2.07 k-t (Analysis Ht * Vu)

Wind Loading
Pz = 0.0197 ksf
apply as liner pressure over H=13.33 ft
Vu= 0.26 kips
Acting at 0.55*H + 2 ft to Nail Connection = 9.33 ft
Ms/Mu = 245 k-ft
Combined Vu= 040 k
Mu= 452 k-t
Minimum Reinforcement
Minimum Reinforcement
1.33Mu= 6.01 k-t
S=llc= =1/12 (b) ()3 = 729 =
c 4.5
y1 v3 fr S
Mcr= 160x 0.75x 048x 162 = 7.78 k-t
12
Strength V Loading Summary
Vu= 040 k
Mu= 6.01 k-t

Stem Check

(see Intro sheets for development)
(rail h = 3.5" + coping 0.83' + panel h = 9')
(factor = 1)

AASHTO LRFD 5.6.3.3

162 in®

=MAX( Mu, MIN(1.33Mu, Mer ))
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Strength Il (Wind Loading)

Wind Loading

Pz= 0.0316 ksf

Minimum Reinforcement

Strength Il Loading Summary

apply as liner pressure over H=13.33 ft
Vu= 0.42 kips
Acting at 0.55*H + 2 ft to Nail Connection = 9.33 ft
Mu= 3.93 k-t
Minimum Reinforcement
1.33Mu= 523 k-t
S=llc= =1/12 (b) ()3 = 729 =
c 4.5
y1 v3 fr S
Mcr= 160x 0.75x 048x 162 = 7.78 k-t
12
Vu= 042 k

Mu= 5.23 k-t

Extreme Event | (Seismic)

Provided - see separate seismic calculations
Vu= 393 k
Mu= 6.24 k-t

Service | (Wind 70mph and Normal Operating Loads)

Wind Loading

P,= 0.015 ksf
apply as liner pressure over H=13.33 ft
Vs= 0.20 kips

Acting at 0.55*H + 2 ft to Nail Connection = 9.33 ft
Ms= 1.87 k-t

WAC Loading (Service I, LL factor = 1)

Service | Loading Summary

Stem Check

(see Intro sheets for development)
(rail h = 3.5' + coping 0.83' + panel h = 9')
(factor = 1)

AASHTO LRFD 5.6.3.3

162 in®

=MAX( Mu, MIN(1.33Mu, Mcr ))

(see Intro sheets for development)
(rail h = 3.5" + coping 0.83' + panel h = 9')
(factor = 1)

(Analysis Ht * Vu)
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Flexural Design

Strength: @ Flexure = assumes tension controlled AASHTO LRFD 5.5.4.2
Extreme: for seismic loads
Stem
h= 9.00 in
center of bars = in
Bar size =
0.31 sqin/bar
de=  9.00 - 4.50 + 5 = 4.81in
16
dc= 4.50 + 5 = 4.81in
16
Bar spacing =-in
As/ft= 0.31 sqin/ft
stress block depth,a=__Asx fy= 0.46 in
0.85xfcx12
Strength: ®Mn= 090x Asxfy(de-a/2)= 6.40 k-ft > 6.01 OK
Extreme: dMn= 1.00x Asxfy(de-a/2)= 7.11 k-ft > 6.24 OK
Crack Control AASHTO LRFD 5.6.7
Crack control is required where the tension in the section exceeds 80% modulus of rupture (fr) = 0.480 ksi

80%fr= 0.384 ksi
Compute section area moment to equal criteria above and compare to moment from loading:
M*c/l =  0.384 S=llc= 162 in®
M= 5.184 k-ft > 3.40 OK Do not need to provide crack control

K=+ ) o =

Stem Check
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Shear Design AASHTO LRFD 5.7.3.3
Strength: ® Shear=| 0.90
Extreme: 1.0 | for seismic loads
B= 200
6= 45° AASHTO LRFD 5.5.4.2
bv= 12.00 in AASHTO LRFD 5.7.3.4.1

Stem

Summary

0.9de= 0.90x 4.81 433 in
0.72h= 0.72x 9.00 6.48 in
dv=max(0.9de,0.72h)= 6.48 in

Ve=0.0316B1Jf b.d,

AASHTO LRFD 5.7.2.8

AASHTO LRFD 5.7.3.3-3

Ve= 983 k
Strength: dVn= 885 k 0.42 OK
Extreme: dVn= 983 k 3.93 OK
Bar # Spa
Bars: 5 @ 12 in (in panels above top row of nails)

Stem Check
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Additional Checks
Temp Shrinkage in Wall Panels above grade

stem h =ft
108.00 in

stem b =ft
15.00 in

fy =[ 60.00 Jksi
As> 014 in’

Provide Bar = 4

As= 0.20 sqin/bar

Spacing:
thickness less than 18"
spa< 18 in
spa< 3'b
45 in
maxspa= 18 in

(max at Wall Station 2+38 step)

each way on back face

0.14 OK

AASHTO Min Checks

- reinforcement is provided for front face of CIP, check meets min requirements, and apply As for reinforcement for back face of wall for temp/shrinkage.
Check max panel:

5.10.6—Shrinkage and Temperature Reinforcement

Reinforcement for shrinkage and temperature
stresses shall be provided near surfaces of concrete
exposed to daily temperature changes and in structural
mass concrete. Temperature and shrinkage
reinforcement to ensure that the total reinforcement on
exposed surfaces 1s not less than that specified herein.

Reinforcement for shrinkage and temperature may
be i the form of bars, welded wire reinforcement. or
prestressing tendons.

For bars or welded wire reinforcement. the area of
reinforcement per foot, on each face and in each
direction. shall satisfy the following:

. L130bh (5.10.6-1)
- 215+fr]]:

except that:

0.11= 4 =0.60 (5.10.6-2)
where:
A4; = area of remnforcement in each direction and

cach face (in./ft)

b = least width of component section (1n.)
h = least thickness of component section (in.)
fy = specfied mummum  yield strength  of

reinforcement <75.0 ks
Where the least dimension varies along the length of
wall, footing, or other component, multiple sections
should be examined to represent the average condition
at each section. Spacing shall not exceed the following:

¢ 120 . for walls and footings greater than 18.0 in.
thick

¢ 120 in for other components greater than 36.0 in.
thick

* For all other sitnations, 3.0 times the component
thickness but not less than 18.0 in.
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Development Length WWF in shotcrete for lap lengths

ASTM STANDARD WIRE REINFORCEMENT

5.10.8.2. 5—Welded Wire Reinforcement

5.10.8.2. 5a—Welded Deformed Wire

Reinforcement in Tension

When measured between the ends of each fabric
sheet, the length of lap for lap splices of welded
deformed wire remforcement with cross wires within
the lap length shall not be less than the greater of the
following:

. 1.38p4; o1
= 20m

The overlap measured between the outermost cross
wires of each reinforcement sheet shall not be less than
2.01in

Lap splices of welded deformed wire reinforcement
with no cross wires within the lap splice length shall be
determined as for deformed wire m accordance with the
provisions of Article 5.10.8.4 3a.

min lap = 1.3%,4

min lap = 6 in
Or= 8 in (min)
lap = 8 in

AASHTO Min Checks

Avrea, in 3t of width for various spacings Remfor’cemem
W & I size Nominal Nomina] Mominal Center-to-center spacing, in.
Nl_m Defbemed "lm_mﬁ' oL “'ﬂfphl'lh"n 21 _" I __l i - I _5_ I For applications other than shear reinforcement. the
wi | 4 0.226 0040 0,136 024 | o6 | oa2 | o008 | o006 | . i . .
sasic development length., €. in in. of welded
leformed wire reinforcement. measured from the point
of critical section to the end of wire, shall not be less
than the greater of the following:
* the product of the basic development length and the
applicable modification factor or factors. as
20.0 specified in Article 5.10.8 2 2b; and
¢ >095d f‘ e (5.10.8.2.5a-1) e 80 in. except for lap splices. as specified in
hd = =T Th 7 Article 5.10.8.5.1.
<
The development of shear remnforcement shall be
. taken as specified in Aricle 5.10.8.2.6.
db=| 0.23 |in w4 The basic development length. £, for welded
fy =| 60.00 |ksi BDM 5.1.2 deformed wire remforcement, with not less than one
A=| 1.00 AASHTO 5.4.2.8) cross wire within the development length at least 2.0 in.
fc= 4.00 lksi BDM 5.1.1.B.2 from the point of critical section, shall satisfy the
vfc = 2 Ksi following:
g= 4.294 in ¢, 20954, f_._—30-°, (5.10.8.2.5a-1)
2 'q'ff
A, 510805 ¢ 56302l (5.10.8.2.52-2)
. 1 5.10.8.2.5a-2 o WIS
0,0 2630202 ( a-2) W
S A f
where:
Aw =| 0.04 W4 Aw = area of an mdividual wire to be developed or
fy =| 60.00 |ksi BDM 5.1.2 spliced (n.") )
sw=| 4.00 |in Sy = spac of wires to be developed or spliced
i (in)
=|_1.00 . dy = mnommal diameter of remnforcing bar or
fc=| 4.00 kS! wire (in.)
vfc= 2.00 ksi '« = compressive strength of concrete for use m
lhg= 1.89 in design not to be taken greater than 15.0 ksi for
lha= 429 in (max)
normal weight concrete and 10.0 ksi for
5.10.8.5—Splices of Welded Wire lightweight concrete (ksi)
Reinforcement fy, = specified minimum yield strength of
reinforcement (ksi)
5.10.8.5. 1—Splices of Welded Deformed Wire L = concrete density modification factor as

specified m Article 5.4.2.8

The basic development length of welded deformed
wire reinforcement, with no cross wires within the
development length, shall be determuned as for
deformed wire in accordance with Article 5.10.8.2.1a.

5.4.2.3—Concrete Density Medification Factor

The concrete density modification factor, A | shall
be determined as:

*  Where the splitting tensile strength, 7. is specified:

1:4_7f—"'51.0 (5.4.2.8-1)
N
*  Where f; is not specified:
0.75=h=75w, =10 (5.42.8-2)

*  Where normal weight concrete is used, A shall be
taken as 1.0.
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Introduction

Determine the seismic loading on the above grade portion of soil nail wall 09.05R-B using LARSA
Model the wall using plate elements. Fix the wall at the base.

FLAN - WALL O8.05R-B Diana H. ] \

STA 2+50.00

ELEV - 176.00 | 169.5

STA 2+38.00
ELEV = 171.00

STA 2+28.00
ELEV = 167.00

ELE)

\ S5TA 2+00.12
ELEV = 154.36

,,,,,,,,,,,,,, 1]
— EXPANSION JOINT i FRONT FACE OF WALL
(TYP) NOTE 11 /
/ STA 2+80.
BOTTOM OF WALL | " UNDERDRAIN/OUTL
L L L L L L L (ELEV = 140.00) - INVERT ELEV = 140.
) 2+00 - iD GRADE AT
TIVE ELEVATION - WALL 02.05E-E
1 1 T T T T T
ELEV = 165.50 eIeV 1 71
ELEV = 16250 \

ELEV =

160.00

ELEV = 142.50

WALL BOTTOM OF
WALL
g2 SPACES 4 SFPACES
@ 4'-0" = 36'-0" @ 5'-0" = 20'-0"

09.05R-B Larsa Seismic
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Model Overall View

0055

LARSA Input

Material Properties

W Properties: Material Properties

M aterials Sectiong \ LIES\ Spring Properties ”\ lzolator Definitions \ Temperature Curve ”\

I Basic Properties tare Properties l

Modulus of = Shear - s Thermal
Mame Elasticity PHD'::;gn Modulus U[r::lt ‘:’?:g]hl Expansion | Aszigned
[kips/fin?] [kips/in?] P /F
1 |Fc 4 3,605.00 0.1697 1.541.00 0.0001 5.500000 Yes
2

09.05R-B Larsa Seismic
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Geometry
[ /] ===l
Juointz ‘\ Mernbers \ Plates Springs \ Mazz Elements \ |zalatars ‘\ Tendons \ Lanes/Surfaces \
Plates Flate Offzets
1D Bending Type Membrane Type | |-Joint | J-Joint | K-Joint | L-Joint Material Thit[:iI;r]less Area [f&] [:[a;alLrig Structure Grou,
1 . 1 Thin Plate Drilling / CST 1 2 25 24 Fc_4 11.9100 0.2500 0 (nane)
2 2 Thin Plate Drilling / CST 2 3 26 25 Fc 4 11.9100 0.2500 0 (none)
3 3 Thin Plate Drilling { CST 3 4 27 26 Fc 4 11.9100 0.2500 0 (none)
4 4 Thin Plate Drilling / CST 4 L 28 27 Fec_4 11.9100 0.2500 0 (none)
5 5 Thin Plate Drilling / CST L 6 29 28 Fec_4 11.9100 0.2500 0 (none)
451 482 Thin Plate Drilling / CST 510 511 530 529 Fc_4 11.9100 0.2500 0 (none)
462 483 Thin Plate Drilling / CST 511 512 N 530 Fc_4 11.9100 0.2500 0 (none)
463 484 Thin Plate Drilling / CST 512 513 532 x| Fc_4 11.9100 0.2500 0 (none)
464 485 Thin Plate Drilling / CST 513 514 £33 532 Fc_4 11.9100 0.2500 0 (none)
4E5 486 Thin Plate Drilling / CST 514 515 534 £33 Fc_4 11.9100 0.2500 0 (none)
466 487 Thin Plate Drilling / CST 515 516 535 £34 Fc_4 11.9100 0.2500 0 (none)
467 488 Thin Plate Drilling / CST 516 517 536 535 Fc_4 11.9100 0.2500 0 (none)
468 489 Thin Plate Drilling / CST BT 518 537 536 Fc_4 11.9100 0.2500 0 (none)
483 | 490 Thin Plate Drilling / CST 518 519 538 537 Fc_4 11.9100 0.2500 0 (none)
470 | 491 Thin Plate Drilling / CST 519 520 539 538 Fc_4 11.9100 0.2500 0 (none)
471 492 Thin Plate Drilling / CST 520 521 540 539 Fc_4 11.9100 0.2500 0 (none)
472 493 Thin Plate Drilling / CST 121 122 146 541 Fc_4 11.9100 0.2500 0 (none)
Plate area = 0.5 X 0.5 = 0.25 sq ft
Thickness = 11.91 in, okay, adjusted to account for cracked section
Wall length=  250.00 - 238.00 = 12.00 ft 12'inlarsa, OK
1 Wallht= 171.00 - 160.00 = 11.00 ft 11.5'inlarsa, OK
2 Wallht= 171.00 - 16250 = 8.50 ft 9.0'in larsa, OK
1 Length = 3.00 ft Ok
2 Length = 2.00 ft Ok
3 Length = 7.00 ft Ok

09.05R-B Larsa Seismic
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JOB NO. SHEET 4 OF 9
PHASE Final Design TASK Wall 09.05R-B
JOB NAME 1-405 Design Build Colorado Center Tower I
BY DMP DATE 9/21/2020 2000 S. Colorado Blvd., Ste 2-1000
CHECKED BY EHP DATE 9/22/2020 Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575
Loads
47 4dd Load Caze +§ Add Combo
[ 7 Load Cases
= l- Load Caze 1
Self Weight: -1.26 2
A Joint Loads [3)
= l 100% Direction 1 - 30% Direction 2
RS54 Curves
= l A% Direction 1 - 100% Direction 2
RS54 Curves
[T Load Combinations
Self Wt.
Load Case Properties
Properties wieight Factor
Mame:  Load Case 1| "o 0
Y 0
Type: Static w
z -1.26
Load Class: Mare T
Achive e rE ik
Help
wt factor, z = -1.26 accounts for plate thickness adjustment
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JOB NO. SHEET 5 OF 9 d
PHASE Final Design TASK Wall 09.05R-B woo e
JOB NAME 1-405 Design Build Colorado Center Tower I
BY DMP DATE 9/21/2020 2000 S. Colorado Blvd., Ste 2-1000
CHECKED BY EHP DATE 9/22/2020 Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575
Fence Load

_'J Load Case 1:Joint Loads

Joint Loads Suppoart Dizp \ tMember Loads \ Plate Loads \\ toving Loads \ Time Hiztory \ RSA Loads \
Joint X-Force ¥-Force Z-Foice X-Moment Y-Moment Z-Moment
bl [kips] [kips) [kips) (kips-ft) (kips-ft) [kips-ft)
1 72 0.0000 0.0000 -0.0550 0.0000 0.0000 0.0000
2 312 0.0000 0.0000 -0.0550 0.0000 0.0000 0.0000
3 502 0.0000 0.0000 -0.0550 0.0000 0.0000 0.0000
4
L LW, N
i
I8
/_::?:;'-:"( FoRnER TOP _MOUNT FALL PROTECTION FENCE DETAIL - 2-FT STEP " o
Total fence wt = 0.055 X 3 = 0.165 k
wt / ft = 0.165 / 12.00 = 0.014  k/ft, reasonable

09.05R-B Larsa Seismic
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JOB NO. SHEET 6 OF 9
PHASE Final Design TASK Wall 09.05R-B
JOB NAME 1-405 Design Build Colorado Center Tower Il
BY DMP DATE 9/21/2020 2000 S. Colorado Blvd., Ste 2-1000
CHECKED BY EHP DATE 9/22/2020 Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575
RSA Curves / Loads
Response Spectra
Time (sec) Acceleration (ft/s?)
0 0.517 0.5172 1.0 Fi)cd o> L UJJU
0.1 1.176 1.1760 1.0 _| wﬂemve
0.2 1.176 1.1760 1.0 | A
0.3 1.176 1.1760 1.0
0.4 1.061 1.0613 1.0 LarzaResponseSpectra.drs
0.5 0.849 0.8490 1.0 Rezponze Spectra]
0.6 0.708 0.7075 1.0 I
0.7 0.606 0.6064 1.0 [P B -y
0.8 0.531 0.5306 1.0
0.9 0.472 0.4717 1.0 r"
1 0.425 0.4245 1.0 e ’ \
11 0.386 0.3859 1.0
1.2 0.354 0.3538 1.0 [ \
1.3 0.327 0.3265 1.0 I \
1.4 0.303 0.3032 1.0 0600
15 0.283 0.2830 1.0 ’
1.6 0.265 0.2653 1.0
1.7 0.25 0.2497 1.0 £ o
18 0236 02358 1.0 g \
1.9 0.223 0.2234 1.0
2 0.212 0.2123 1.0 N,
2.1 0.202 0.2021 1.0 \\
2.2 0.193 0.1930 1.0 N
2.3 0.185 0.1846 1.0
2.4 0.177 0.1769 1.0 et |
25 0.17 0.1698 1.0 ==
2.6 0.163 0.1633 1.0
27 0157 01572 lO 0.000 0.300 0500 0.500 1.200 1.500 1.200 2.100 ir:t:l 2700 3.000 3300 3600 3.900 4200 4500 4.800
2.8 0.152 0.1516 1.0
2.9 0.146 0.1464 1.0
3 0.142 0.1415 1.0 Chart Title
3.1 0.137 0.1369 1.0 »
3.2 0.133 0.1327 1.0
3.3 0.129 0.1286 1.0 .
3.4 0.125 0.1249 1.0
35 0.121 0.1213 1.0 )
3.6 0.118 0.1179 1.0
3.7 0.115 0.1147 1.0 v
3.8 0.112 0.1117 1.0
39 0.109 0.1088 1.0 o
4 0.106 0.1061 1.0
4.1 0.104 0.1035 1.0 »
4.2 0.101 0.1011 1.0
43 0.099 0.0987 1.0 0"
4.4 0.096 0.0965 1.0
45 0.094 0.0943 1.0 ,
4.6 0.092 0.0923 1.0 0 1 2 3 4 5 6
4.7 0.09 0.0903 1.0
48 0.088 0.0884 1.0
4.9 0.087 0.0866 1.0
5 0.085 0.0849 1.0

09.05R-B Larsa Seismic
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JOB NO. SHEET 7 OF 9
PHASE Final Design TASK Wall 09.05R-B
JOB NAME I-405 Design Build
BY DMP DATE 9/21/2020
CHECKED BY EHP DATE 9/22/2020

wood.
Colorado Center Tower Il

2000 S. Colorado Blvd., Ste 2-1000
Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

3.10.4—Seismic Hazard Characterization

3.10.4.1—Design Response Spectrum

The five-percent-damped-design response spectrum

3.10.8—Combination of Seismic Force Effects

The elastic seismic force effects on each of the
principal axes of a component resulting from analyses 1 AASHTO 3.10

shall be taken as specified in Figure 3.10.4.1-1. This

spectrum shall be calculated using the mapped peak
acceleration
acceleration coefficients from Figures 3.10.2.1-1
3.10.2.1-21, scaled by the zero-, short-, and long-period

ground

coefficients and the

site factors, Fyga, Fia. and F\., respectively.

100% Direction 1 - 30% Direction 2

_'__‘ 100% Direction 1 - 30% Direction 2:R5A Parameters

Joint Loads \

Support Disp \ tember Loads \

Plate Loads \

spectral
o

the two perpendicular directions shall be combmned to form
two load cases as follows:

100 percent of the absolute value of the force effects

in one of the perpendicular directions combined with

30 percent of the absolute value of the force effects m
the second perpendicular direction, and

¢ 100 percent of the absolute value of the force effects
i the second perpendicular direction combined with
30 percent of the absolute value of the force effects
i the first perpendicular direction.

Maving Loads \

Time Hizstory \ R5A Loads

MName Value

1 |Response-Spectrum Curve in Direction 1 Response Spectra
2 |Scale in Direction 1 1.0000
3 |Response-Spectrum Curve in Direction 2 Response Spectra
4 |Scale in Direction 2 0.3000
5 |Response-Spectrum Curve in Global Z (none)
5 |Scale in Global Z 0.0000
7 |Angle from Global X to Direction 1 0.0000
5 |Modal Combination Method cac
3 |Spatial Combination Method SRSS
10 |Modal Damping Ratio (if no curve) 0.0500
11 |Sign Assigned to Results MNa Sign
12 |Modal Combination System Global
13 |Modal Damping Curve (none)
14

30% Direction 1 - 100% Direction 2

74 30% Direction 1 - 100% Direction 2:RSA Parameters

Joint Loads \\

Support Disp \ Member Loads \

Plate Loads \\

Maoving Loads \

Time Histary RS54 Loads

Yalue

Mame
1 |Response-Spectrum Curve in Direction 1
2 |Scale in Direction 1
3 |Response-Spectrum Curve in Direction 2
4 |Scale in Direction 2
5 |Response-Spectrum Curve in Global Z
6 |Scale in Global Z
7 |Angle from Global X to Direction 1
5 |Modal Combination Method
3 |Spatial Combination Method
10 |Modal Damping Ratio (if no curve)
11 |Sign Assigned to Results
12 |Modal Combination System
13 |Modal Damping Curve
14

Response Spectra
0.3000
Response Spectra

1

{
0.0000

0.0000

SRSS
0.0500
Mo Sign
Global
(

0000
none)

cac

none)

09.05R-B Larsa Seismic
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JOB NO. SHEET 8 OF 9
PHASE Final Design TASK Wall 09.05R-B
JOB NAME I-405 Design Build Colorado Center Tower Il
BY DMP DATE 9/21/2020 2000 S. Colorado Blvd., Ste 2-1000
CHECKED BY EHP DATE 9/22/2020 Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575
Number of Modes
Mode Shape  Cumulative Per Cumulative Per Cumulative Per Mass Z
1ML:f=16.9,t= 1.17E-23 62.64035 3.00E-23
2 M2:f=35.58, t 1.22E-23 62.73439 3.17E-23
3M3:f=89.3,t= 1.58E-21 72.16426 1.57E-21
4 M4: f=105.94, 2.78E-21 80.56821 1.69E-21
5 M5: f=112.03, 63.71391 80.56821 1.212071
6 M6: f=137.4,t 63.71391 82.61083 1.212071
7 M7:f=213.42, 63.71391 83.45563 1.212071
8 M8: f=224.45,  63.71391 83.67841 1.212071
9 M9: f=244.97, 65.72909 83.67841 84.81549
10 M10: f = 256.49  65.72909 87.0851 84.81549
11 M11: f=294.92 86.38684 87.0851 86.19146
12 M12: f=339.5, 86.38684 88.83591 86.19146
13 M13: f=357.19 86.38684 89.25755 86.19146
14 M14:f=383.15 86.38934 89.25755 86.23537
15 M15:f=411.81 86.38934 89.3239 86.23537
16 M16: f=414.78 86.38934 89.60686 86.23537
17 M17: f=451.33  87.19411 89.60686 87.1981
18 M18: f=465.9,  87.19411 91.25784 87.1981
19 M19: f = 480.94  89.91949 91.25784 87.32425
20 M20: f=523.83  89.91949 91.25819 87.32425
21 M21:f=577.34 89.91949 91.3662 87.32425
22 M22: f =595.25 92.6595 91.3662 87.38086
23 M23: f = 653.69 92.6595 92.10832 87.38086
24 M24:f=655.21 92.97517 92.10832 90.40788
25 M25: f=670.7, 92.97517 92.12008 90.40788
26 M26: f=679.93  93.54955 92.12008 90.45209
27 M27:f=688.0,  93.54955 92.58095 90.45209
28 M28: f=701.69 93.5629 92.58095 91.60355
29 M29: f=721.64 93.5629 93.33189 91.60355
30 M30: f=780.56 95.05161 93.33189 92.97468
31 M31:f=781.31 95.05161 93.58736 92.97468
32 M32: f=796.48 95.20058 93.58736 95.48043
33 M33:f=811.81 95.20058 93.62005 95.48043
34 M34: f=840.96 95.20058 93.70685 95.48043
35 M35: f=856.96 95.35259 93.70685 95.53812 35 modes OK for cumulative mass
36 M36: f = 875.72 95.3652 93.70685 95.73635
37 M37: f=916.37 95.7075 93.70685 95.75085
38 M38:f=946.76  95.85549 93.70685 95.75243
39 M39: f=957.36  95.85549 93.71964 95.75243
40 M40: f=980.91 95.86084 93.71964 95.78288
41 M41:f=982.93 95.86084 93.72488 95.78288
42 M42:£=1,020.2  95.86084 93.73917 95.78288
43 M43:f=1,021.2 96.38815 93.73917 95.86406
44 M44: £=1,062.C 96.38815 94.16627 95.86406
45 M45: f=1,071.F  96.42472 94.16627 96.34676

09.05R-B Larsa Seismic
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JOB NO. SHEET 9 OF 9 \ﬂ/ d
PHASE Final Design TASK Wall 09.05R-B oo b
JOB NAME 1-405 Design Build Colorado Center Tower I
BY DMP DATE 9/21/2020 2000 S. Colorado Blvd., Ste 2-1000
CHECKED BY EHP DATE 9/22/2020 Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575
Results
Model Load Group Stage Resultz
=] al
Analvsis R It
Select rezult cazes to view from the lizt below.
= Load Cazes
Load Casze 1

100% Direction 1 - 30% Direction 2
30% Direction 1 - 1005 Direction 2
Load Combinations
Congtruction Stages

kowing Load

Cazes

Tirme Hiztory Cazes

Puzhower Cazes

Combo wath Moving Load Cazes
Stage Analyziz Scenariofz)

B FSA Maodal
# Mode Shapes

Responze Spectra

100% Direction 1 - 30% Direction 2

Joint

24

73

121
170
220
270
313
351
389
427
465
503

Result Case Force X (kips Force Y (kips) Force Z (kips) Aloment X (kips-floment Z (kips-fi

100% Directi
100% Directi
100% Directi
100% Directi
100% Directi
100% Directi
100% Directi
100% Directi
100% Directi
100% Directi
100% Directi
100% Directi

0.23 0.64 4.21 151
0.51 0.51 3.19 1.28
0.56 0.97 2.36 0.77
0.34 0.72 1.01 0.39
0.83 1.70 0.87 0.53
2.77 6.47 1.85 4.42
2.12 0.97 0.53 2.70
1.89 0.23 0.47 251
1.74 0.29 1.18 2.35
1.60 0.35 2.05 2.22
1.45 0.62 3.26 2.10
0.70 0.66 5.18 1.69

14.14 22.48

30% Direction 1 - 100% Direction 2

Joint

24

73

121
170
220
270
313
351
389
427
465
503

0.02
0.05
0.20
0.30
0.68
1.20
0.18
0.03
0.02

0.02 Delta To, k = 15.71
0.05 M k-ft / ft = 6.24

0.20

Result Case Force X (kips Force Y (kips) Force Z (kips) Aloment X (kips-floment Z (kips-fi

30% Directio
30% Directio
30% Directio
30% Directio
30% Directio
30% Directio
30% Directio
30% Directio
30% Directio
30% Directio
30% Directio
30% Directio

0.07 2.14 1.26 5.05
0.15 1.69 0.96 4.26
0.17 3.25 0.71 2.57
0.10 2.39 0.30 131
0.25 5.67 0.26 1.77
0.83 21.56 0.55 14.73
0.64 3.24 0.16 8.99
0.57 0.77 0.14 8.37
0.52 0.97 0.35 7.84
0.48 1.16 0.62 7.41
0.44 2.08 0.98 7.00
0.21 2.22 1.55 5.63

47.12 74.92

09.05R-B Larsa Seismic

0.05
0.17
0.67
1.01
2.27
3.99
0.58
0.09
0.07
0.06
0.16
0.65

Vk/ft= 3.93
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JOB NO. PS19203160 SHEET 1 OF 4 d
PHASE Design TASK _ Wall Cap Connection woo °
JOB NAME 1-405; Renton To Belleview Widening and Express Toll Lanes Project Colorado Center Tower Il
BY JDF DATE 9/28/2020 2000 S. Colorado Blvd., Ste 2-1000
CHECKED BY DGB DATE 9/30/2020 Denver, CO 80222

+1(303) 935-6505 Fax '+1 (303) 935-6575

Concrete Cap Connection Check - FALL PROTECTION ONLY

Input
Rail h = 3.5' + cap thickness to top of wall = 0.83'
AnalysisH=| 4.33 |ft (from load at top of rail to fixed based in concrete fascia)
stem width =| 1.25 |ft (at top of panel - total thickness)
Load Factors
design check with Strength | limit state: LRFD T 3.4.1-1

Fall Protection Load

Loading would transfer into the wall via the wall connection/rebar spaced at an interval to resist the loading between the 8-ft post locations. Assume
precast coping to be provided at no more than 8-ft sections per discussion with contractor. Therefore 1 post would act on one coping section. Assume 1

bar on each side of post resists post loading.

\ i
| i
‘ 2% o A wid " 2%
e / Ve 1
! / / E
! 4 r
[ [
P = 0.20 k(unfactored) (Per Post)
0.35 k (factored)
Materials Input

fc=[ 4.0 ksi BDM 5.1.1.B.2

B1= 0.85 And per Plan Sheets

fy=[_60.0_|ksi BDM 5.1.2

vo=[075 | LRFD 5.6.7

modulus of rupture coefficient = s LRFD 5.4.2.6
fr= 0480 ksi 0.24 AN f'.
wc= 0.155 kecf BDM 3.8
Ec= 4576 ksi E.—120,000K,w e LRFD 5.4.2.4-1
[ o Ll <
n=29000= 6.34
4576
A= 1.0 ] LRFD 5.4.2.8

Cap Connection - FALL
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JOB NO.
PHASE

JOB NAME
BY
CHECKED BY

PS19203160 SHEET 2

OF

4

Design TASK _ Wall Cap Connection A OOd°

1-405; Renton To Belleview Widening and Express Toll Lanes Project

Colorado Center Tower Il

JDF DATE 9/28/2020

2000 S. Colorado Blvd., Ste 2-1000

DGB DATE 9/30/2020

Denver, CO 80222

+1(303) 935-6505 Fax '+1 (303) 935-6575

Structural Design Loads

Stem Loads

Shear

Moment

Minimum Reinforcement

Stem Loading Summary

Flexural Design

Stem

AnalysisH=4.33 ft (height above top of stem where load acts)
Vu= 0.35 k
Mu= 152 k-t (Analysis Ht * Vu)
Ms 0.87 k-t (as above, unfactored)
Minimum Reinforcement LRFD 5.6.3.3
1.33Mu= 202 k-t
Vu= 035 k
Mu= 202 k-t
Mserv=0.87 k-ft
® Flexure =assumes tension controlled LRFD 5.5.4.2
b =] 48.00 |in Tributary Width of Coping Containing Two Connection Bars (1 Ea. Side of Post)
h= 15.00 in
distance to bars =| 7.50 |in (at mid of panel section)
Barsize=| 4
0.20 sqin/bar
Coping Embed =| 8.00 |[in Depth Connection is Embedded into Precast Coping
Development Length =[ 14.40 |in Development Length of Connection Bar
de= 15.00 - 7.50 - 4 = 7.25in
16
dc= 7.50 - 4 = 7.75in
16
# Bars (Legs) :
As= 0.222 sqin Efffective Area (Based on Partial Development)
stress block depth,a= Asx fy= 0.08 in
0.85xfcxb
OMn= 0.90x Asxfy(de-al/2)= 7.21 k-ft > 2.02 OK

Cap Connection - FALL
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JOB NO. PS19203160 SHEET 3 OF 4 d
PHASE Design TASK _ Wall Cap Connection woo b
JOB NAME 1-405; Renton To Belleview Widening and Express Toll Lanes Project Colorado Center Tower Il
BY JDF DATE 9/28/2020 2000 S. Colorado Blvd., Ste 2-1000
CHECKED BY DGB DATE 9/30/2020 Denver, CO 80222
+1 (303) 935-6505 Fax '+1 (303) 935-6575

Crack Control LRFD 5.6.7

Crack control is required where the tension in the section exceeds 80% modulus of rupture (fr) = 0.480 ksi
80%fr= 0.384 ksi

Compute section area moment to equal criteria above and compare to moment from loading:

S=llc= =1/12 (b) (h)*3 = 13500 = 1800 in®
c 7.5
M*c/l =  0.384
M= 57.6 k-ft > 0.87 OK Crack control Not Required

B, [,
Shear Design LRFD 5.7.3.3
@ Shear =[_0.90_]
=20
8=45° LRFD 5.5.4.2
bv= 12 in LRFD 5.7.3.4.1
Stem
09de= 090x 7.25 = 6.53 in
0.72h= 072x 1500 = _10.80 in LRFD 5.7.2.8
dv=max(0.9de,0.72h)= 10.80 in
Ve=00316B%f bod. LRFD 5.7.3.3-3
Vc= 16.38 k
dVn= 1474 k
> 035 OK

Cap Connection - FALL
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JOB NO. PS19203160 SHEET 4 OF 4
PHASE Design TASK _ Wall Cap Connection
JOB NAME 1-405; Renton To Belleview Widening and Express Toll Lanes Project
BY JDF DATE 9/28/2020
CHECKED BY DGB DATE 9/30/2020

wood.

Colorado Center Tower Il

2000 S. Colorado Blvd., Ste 2-1000
Denver, CO 80222

+1 (303) 935-6505 Fax '+1 (303) 935-6575

Shear Friction Interface Check
Vm’ = C.Af\: + .LL {A.l’.f.f;l—i— Pf)

Ignore ¢ cohesion)
Ignore Pc - net compressive load)
® Vn = 0.9*u*Avf*fy

Avf= 0.2222 in? (#4 bar)
fy= 60.0 ksi
u= 0.6
dVn= 720 k
> 035 OK

LRFD 5.7.4.3-4

LRFD 5.7.4.4
Cohesion and Friction Factors

¢ For concrete placed against a clean concrete
surface. free of laitance. but not intentionally

roughened:
c = 0.075ksi
w = 06
Ky = 02
Ky = 08ksi

Cap Connection - FALL






